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1.0 INTRODUCTION AND BACKGROUND INFORMATION

This report presents the Work Plan for the design of a cap at the McAllister Point
Landfill site at the Naval Education and Training Center (NETC) in Middletown, Rhode Island.
TRC Environmental Corporation of Windsor, Connecticut is performing these services for the
U.S. Department of the Navy, Installation Restoration Program through the Northern Division
of the Naval Facilities Engineering Command under Contract N62472-86-C-1282. The decision
to cap the site is described in a July 30, 1993 Proposed Plan.

The désign of a cap for the landfill is considered a source control measure which
provides containment and isolation of the landfill contents, the control of leachate generation as
a result of infiltration, and the protection against surface erosion and landfill gas migration. The
cap addresses the principal threats to human health and the environment posed by the site and
is intended to be a permanent source control remedy for the site. Management of contaminant
migration at the site will be evaluated by conducting a Phase II Remedial Investigation (RI) and
by conducting a leachate generation and migration model study and by conducting an ecological
risk assessment of the model study results. Major components of the landfill cap include:

o Capping of the landfill with a RCRA Subtitle C multi-layer cap.

o Shore protection to prevent cap damage from wave action and
storm surge events cap.

. Landfill gas controls to manage landfill gas migration.

o Surface controls to minimize erosion and manage runoff.

o Use of fencing to control site access.

This document presents information pertaining to field exploration and design activities
required to support the development and design of a cap. In addition the work plan outlines
tasks to be conducted during and/or following the design activities. It is organized in the

following manner.

Chapter Contents

1.0 Introduction and Background Information

2.0 Sampling and Analysis Plan

3.0 Health and Safety Plan

4.0 Evaluation of Applicable or Relevant and
Appropriate Requirements (ARARS)

5.0 Pre-Design Quality Assurance/Quality Control Plan

6.0 Initial Draft Construction QA/QC Project Plan

TRC



1.1 OBJECTIVES

The objective of this Work Plan is to define the work tasks necessary to design a cover
system for the McAllister Point Landfill at NETC. The objective of the pre-design field
sampling activities are to gather sufficient information on the nature of site geotechnical and
landfill gas conditions to allow adequate consideration of these issues during the design of a cap

for the site. The following project submittals are anticipated:

Soil Boring Report for Landfill and Utilities

Landfill Gas Summary Report

Sediment Sampling Summary Report

Leachate Generation, Fate and Transport Summary Report
Leachate Ecological Assessment Report

Draft and Final Landfill Cap Alternatives Summary Reports
Plans, Specifications and Bid Documents

Response to Review Comments

Each of the anticipated project submittals are described further in Section 2.0 of this
report.

1.2 SITE DESCRIPTION

The McAllister Point Landfill is located within the Naval Education and Training Center
(NETC) at the Newport Naval Base. The Newport Naval Base encompasses approximately six
miles of the western shore of Aquidneck Island, Newport County, Rhode Island. Aquidneck
Island is comprised of three towns; Newport, Middletown, and Portsmouth. The location of the
Newport Naval Base is shown on Figure 1. The NETC serves as a training facility and provides
logistic support for the Newport Naval Base. The NETC occupies approximately 1,063 acres
of land. The location of the McAllister Point Landfill within the. Newport Naval Base is shown
on Figure 2.

The McAllister Point Landfill occupies approximately 11.5 acres between Defense
Highway and Narragansett Bay. A site plan/topographic map is provided as Figure 3. The

Penn Central Railroad tracks run in a north-south direction along the eastern side of the site,
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parallel to Defense Highway. Access to the site is from Defense Highway, across the railroad
tracks, and through a gate in the south-central portion of the site.

Grass, weeds, and small trees cover most of the site. A small, lightly wooded area is
present in the north-central portion of the site. A more mature wooded area is located near the
northeastern edge of the site between the railroad tracks and Defense Highway. | Several
depressions are present in the central portion of the site where standing water collects during
heavy precipitation events. A wetlands evaluation summary has been conducted at the site and
is available within the Administrative Record. The Flood Insurance Rate Map (FEMA, 1984)
which covers the site and surrounding area indicates the shoreline of the site lies within the 100-
year coastal flood area. The western edge of the site along Naragansett Bay is a coastal bank
that rises 10 to 15 feet above Mean Low Water. The areas of 100-year coastal flood in the
vicinity of the site is 12 feet, and wave action may reach 17 feet. At high tide the beach is only
about 10 feet in widtil while at low tide it may be as much as 50 feet wide. Metal debris and
concrete rubble are present along the shoreline of the landfill. The presence of the concrete
rubble and debris appears to have decreased the potential for erosion of the shoreline landfill

slopes.

1.3 SITE HISTORY

The McAllister Point area of NETC was used as the site of a sanitary landfill from the
mid 1950’s until the mid-1970s. During this time the landfill was used for the disposal of
wastes generated at the naval complex including wastes from all operational areas (machine
shops, ship repair, Naval Underwater Systems Center (NUSC), etc.), Navy housing areas
(domestic refuse), and from the 55 ships homeported at Newport prior to 1973 (approximately
fourteen 40-cubic yard containers each day). The materials reportedly disposed of at the site
included domestic refuse, spent acids, paints, solvents, waste oils (diesel, lubrication, and fuel),
and PCB-contaminated transformer oil.

A éview of historic aerial photos identifies a railroad spur entering the site near the
current entrance and running north into the center of the site in 1938, and large open depressions

and what appear to be material storage areas and tanks in the 1940s and 1950s. From 1965
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through 1975, the shoreline of the central portion of the site changes shape, indicating filling of
Narragansett Bay in this area.

Duﬁng the period 1955 through 1964, wastes were trucked to the site, spread with a
bulldozer, and covered. In 1965, an incinerator was built at the landfill. From 1965 through
1970-71, approximately 98 percent of all the wastes were burned before being disposed of in the
landfill. The incinerator was closed around 1970 as a result of air pollution concerns. During
the remaining years that the site was operational, wastes were again disposed of directly into the
landfill. .

Following the closure of the landfill at McAllister Point, a three-foot-thick covering of
clay/silt was reportedly placed over the site. Current observations confirm the presence of a
clay/silt material over portions of the landfill, although it is not continuous over the whole
landfill area. Since the closure of the landfill, the site has remained inactive. In November
1989, the entire NETC was listed on the U.S. EPA’s National Priorities List (NPL) of

abandoned or uncontrolled hazardous waste sites.

1.4 PREVIOQUS ENVIRONMENTAL INVESTIGATIONS
The nature and extent of contamination at the McAllister Point Landfill has been

identified on the basis of the following site investigations:

° Initial Assessment and Confirmation Studies
° U.S. Army Corps of Engineers Study

° Phase I Remedial Investigation, and

[ ]

Planned Phase II Remedial Investigation.

Each of these investigations are summarized below.

1.4.1 Initial Assessment and Confirmation Studies )

An Initial Assessment Study (IAS) was conducted at the site in 1983. The IAS
(Envirodyne Engineers, 1983) identified sites at the NETC where contamination was suspected
to exist and which may pose a threat to human health or the environment. Based upon historic

use of the site as a landfill and the potential contaminant migration pathways at the site, the
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McAllister Point Landfill was identified as an area of potential concern requiring further
investigation (e.g., a Confirmation Study).

The Confirmation Study (Loureiro Engineering Associates, 1986), conducted on the site
- from 1984 to 1985, consisted of two phases, the Verification and Characterization Steps. During
the Verification Step, seven sediment and mussel samples were collected from Narragansett Bay
(including two background samples), two leachate samples were collected from the base of the
landfill slope near Narragansett Bay, and one composite soil sample was collected from surface
soils across the central portion of the site. During the Characterization Step of the Confirmation
Study, an additional seven sediment samples were collected, two verifying the results at previous
sampling locations and the remaining samples extending the area of sampling to the south and
into the bay to the southwest of the site. Three mussels samples were also collected in the
intertidal zone along the southwestern shore of the site. Three monitoring wells were installed
on-site (MW-21, MW-22, and MW-23). These wells were each sampled on four occasions as
part of Characterization Step investigations.

Analysis of the composite surface soil sample indicated that low levels of inorganic
contaminants may be associated with the landfill cap material. Leachate spring samples from
the western edge of the landfill exhibited cadmium, chromium, and cyanide, generally at
concentrations less than 100 parts per billion (ppb). Ethylbenzene (30 ppb) and toluene (26 ppb)
were also detected in one leachate sample. The sediment samples indicated the presence of
inorganic contaminants in samples collecfed adjacent to the site, especially near the southern end
of the landfill, with levels decreasing with increased distance from the site. Inorganics were also
present in mussel samples. Polychlorinated biphenyls (PCBs), which were detected in mussel
samples but not in sediment samples, did not appear to be site-related on the basis of the
detection of levels in the control (background) mussel samples (0.36 and 0.37 ug/g) which were
similar fo near-site levels (non-detectable to 0.38 ug/g). Site ground water samples exhibited
elevated levels of metals. The analytical results from the sampling are provided in the
Confirmation Study Final Report (Loureiro Engineering Associates, 1986).

In summary, the Confirmation Study verified the presence of inorganics in site soil,

heavy metals and volatile organic compounds (VOCs) in leachate, and elevated concentrations
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of inorganic contaminants in sediment, mussel, and groundwater samples collected at, or near,

“the site.

1.4.2 U.S. Army Corps of Engineers Study
In early March 1988, the Water Quality Laboratory Engineering Division of the U.S.

Army Corps of Engineers (ACOE) collected a series of six sediment and mussel samples in
Narragansett Bay near the McAllister Point Landfill. A seventh set of samples was collected
at a location approximately 300 feet north of the site as a control sample. The sediment samples
were analyzéd for total petroleum hydrocarbons (TPH), PCBs, and six metals (cadmium,
chromium, copper, nickel, lead, and zinc). The mussel samples were also analyzed for the same
six metals. The sediment sample results indicated the presence of TPH at concentrations from
30 parts per million (ppm) to 1,100 ppm, PCBs from 0.01 ppm to 20.3 ppm, and the presence
of elevated levels of metals. Concentrations in sediment samples collected adjacent to the
landfill were generally at least one order of magnitude greater than concentrations in the control
sample. Copper, chromium, zinc and PCBs were detected in some of the mussel samples at
concentrations greater than were detected in the control sample.

In summary, the ACOE study confirmed the presence of elevated levels of metals in
sediment and mussel samples near the site. In addition, elevated concentrations of TPH, PCBs

were reported in sediment and mussel samples collected near the site.

1.4.3 Phase I Remedial Investigation

A Remedial Investigation (RI) was conducted at the site between 1989 to 1990 (Phase I
RI). This investigation included site geophysical surveys and surface soil, subsurface soil,
leachate and ground water sampling and analysis. It should be noted that surface soil sample
locations were limited to portions of the site in which the clay/silt cap material was not present.

The findings of the Phase I RI are summarized below.
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Soil Assessment

A wide range of compounds including VOCs, base neutral/acid extractable organic
compounds (BNAs) (including polynuclear aromatic hydrocarbons (PAHs)), pesticides, PCBs,
and inorganics were detected in on-site soils.

The major areas of the site where soil contaminants were detected at elevated levels

include the following:

Northern area - Carcinogenic PAHs;

North-central area - BNAs, carcinogenic PAHs, and inorganics;
Central landfill area - VOCs, BNAs, PCBs and inorganics;

South of access road - BNAs, carcinogenic PAHs, and inorganics; and
Shoreline - BNAs, carcinogenic PAHS, and inorganics.

Soil - Volatile Organic Compounds (VOCs) - 1,1,1-Trichloroethane (1,1,1-TCA) was the
only VOC detected in surface soil samples. This compound was detected at low levels (less than

12 parts per billion or [ppb]). VOCs detected in subsurface soils included 1,2-dichloroethene,
1,1,1-TCA, trichloroethene, benzene, tetrachloroethene, toluene, chlorobenzene, ethylbenzene,
and xylene. In general, significant VOC contamination (i.e., greater than 1 ppm total VOCs)
was detected in soils and fill in the central portion of the landfill area. However, VOC

concentrations were not consistently elevated throughout the depth of the soil horizons sampled.

Soil - Base Neutral/Acid Extractables (BNAs) - The highest concentrations of total BNAs
(greater than 100 ppm) were detected in four subsurface soil samples and two surface soil
samples in the central and southern portions of the site at concentrations ranging from 194 ppm
to 1,943 ppm. The highest total PAH concentrations (greater than 50 ppm) and carcinogenic
PAH concentrations (22 ppm to 256 ppm) were detected in samples collected from the southern
and northern ends of the landfill.

1-7
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Soil - Pesticides/PCBs - The pesticides detected most frequently in site soils included 4,4-
DDE, 4,4-DDD, and 4,4-DDT. The other pesticides detected, beta-BHC, aldrin, dieldrin, and

alpha-chlordane, were each detected in only one sample. The highest pesticide concentrations
were detected in surface soil (4,4-DDT at 1,800 ppb) at the southernmost end of the site, and
subsurface soil (4,4-DDT at 2,300 ppb) in the central portion of the site.

PCBs are primarily present in the subsurface soils across the central part of the site, with
nearly half (50%) of the sample locations containing detectable levels of PCBs. Some of the
highest levels (>0.2 ppm) of PCBs detected at the site were detected in soil samples collected
from the 22- to 24-foot interval. Four PCB Aroclors (Aroclor-1242, -1248, -1254, and -1260)
were detected in at least one sample, with a maximum detected total PCB concentration of 1.1

Soil - Inorganics - Inorganics levels in the site soil samples were compared to background
inorganics levels, as defined by the analyses of two background surface soil samples collected
east of Defense Highway. Based on this comparison, elevated concentrations of antimony,
arsenic, barium, cadmium, calcium, chromium, cobalt, copper, lead, manganese, magnesium,
nickel, silver, vanadium, and zinc are present on-site. Lead was particularly elevated (1,980

ppm) at one surface soil sample near the central portion of the landfill shoreline.

Ground Water Assessment

During the Phase I RI a total of nine ground water monitoring wells were installed across
the site. Well locations are shown on Figure 3. Ground water samples were collected from all
of the wells except MW-2, which was dry at the time of sampling. Three existing wells (MW-
21, MW-22, and MW-23) and one leachate location (LS-1) were also sampled. A summary of
site ground water quality is presented below. For the purpose of the Phase I RI, ground water
contaminant levels were compared to existing federal and state action levels, including final,

proposed, and tentative maximum contaminant levels (MCLs).
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VOCs, BNAs, PCBs and inorganics were all detected in ground water samples. The
major areas of the site where contaminants were detected at levels exceeding action levels

include the following:

Northern area - inorganics;

North-central area - inorganics;

Central landfill area - VOCs, and inorganics; and
South of access road - VOCs, PCBs, and inorganics.

Ground water sample results indicated the presence of low level VOC contamination in
the central and southern portions of the site, consisting mostly of aromatic VOCs (e.g., xylene
and benzene). Low concentrations (1 to 160 ppb) of VOCs were detected in five of the ten on-
site wells (MW-3S, MW-3D, MW-4, MW-5S, and MW-21). VOCs were also detected in soil
boring samples collected at the depth of the water table from the north-central to southern
portions of the site, indicating the potential for ground water contamination throughout this area.
A thin oil layer was observed in one well (MW-5S) in the southern portion of the site five
months after it was sampled.

BNAs were detected in three wells located in the central and southern portions of the site.
The BNAs detected consisted primarily of PAHs and phenols. The highest level of total PAHSs
was 407 ppb at well MW-3S in the central portion of the site.

No pesticides were detected in ground water samples. A PCB concentration of 0.73 ppb
was detected in the well in the southern portion of the site (MW-5S) in which a thin oil layer
was subsequently observed.

The inorganic ground water sample results indicate the presence of numerous inorganic
analytes in the ground water samples collected at the site. Inorganics were detected in each of
the twelve wells sampled and in the leachate sample.

Additional information on the Phase I RI may be found within the RI Technical Report
(TRC, 1991).
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1.4.4 Planned Phase I Remedial Investigations
A Phase II RI will be conducted at the McAllister Point Landfill to further characterize

the site and achieve the following objectives:

° Define background soil and ground water quality;

] Further define the nature and extent of site surface soil contamination;

o Further define the nature and extent of the fill material and any associated
contamination,;

° Further define the nature and extent of ground water contamination and the

location of "hot spot" sources of ground water contamination;

® ' Determine the nature and extent of sediment and biota contamination in the
adjacent bay.

The investigations will include the performance of geophysical surveys to further define
the extent of the landfill area and to characterize bedrock topography beneath the site, a soil gas
survey to further investigate subsurface areas of elevated VOC contamination in the central and
southern portions of the site, and surface and subsurface soil, ground water and leachate
sampling. An off-shore investigation involving the sampling of sediments and, if present, clams

and mussels, and an ecological survey of marine fauna within the bay will also be conducted.

1.5 PRELIMINARY HUMAN HEALTH ASSESSMENT
A human health evaluation was conducted for the McAllister Point Landfill site on the
basis of Phase I RI findings. The exposure scenarios considered in the human health evaluation

of the site included both current use and potential future site use scenarios, as listed:

° Trespassing Scenario (Scenario 1) - Exposure of trespassing children from 9 to
18 years of age to site surface soils through dermal contact and incidental
ingestion.

o Recreational Use Scenario (Scenario 2) - Exposure of children from 6 to 18

years of age (due to development of the site as a ballfield) to site surface soils
through dermal contact and incidental ingestion.
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o Construction Scenario (Scenario 3) - Exposure of adult construction workers for
a period of one year to subsurface soils through inhalation, dermal contact and
incidental ingestion.

] Commercial/Industrial Use Scenario (Scenario 4) - Exposure of adult
employees through commercial/industrial use of the site to surface soils through
incidental ingestion and dermal contact and to ground water through ingestion.

° Residential Use Scenario (Scenario 5) - Exposure of children from O to 6 years
of age and adults (30-year period) to surface soil through dermal contact and
incidental ingestion of soil/house dust and inhalation of particulates, and to
ground water through dermal contact, ingestion and inhalation of volatiles.

Human health risks potentially associated with the site, which may include risks of cancer
or non-cancerous (systemic) effects, were evaluated. Both average-case (based on the geometric
mean of the on-site data) and maximum (based on the highest detected on-site concentration)
risks were calculated. Cancer risk levels, the lifetime incremental probabilities of excess cancer
due to exposure to the site contaminants, were estimated, taking into account exposure
concentrations and the carcinogenic potencies of the chemicals. The cancer risk estimates are
presented in scientific notation, where a lifetime risk of 1 x 10* represents a lifetime risk of one
in ten thousand.

Health effects associated with exposures to non-carcinogenic chemicals were evaluated
using U.S. EPA Risk Reference Doses (RfDs). The associated chemical-specific risk was
quantified by the Hazard Index Ratio (HI), which is the ratio of the exposure dose to the RfD.

The calculated cancer risks and non-cancer His were evaluated using available regulatory
guidance. The calculated risk is compared to the acceptable lifetime cancer risk range (1 x 10
to 1 x 10 for evaluating the need for remediation, as stated in 40 CFR Part 300 (EPA, 1990b).
EPA (1990b) considers a cancer risk of 1 x 10° as the point of departure for determining risk-
based remediation goals. For non-carcinogenic risks, a target HI of unity is used (i.e., HI = 1).
When the total HI for an exposed individual or group of individuals exceeds unity, there may
be concern for potential non-cancer health effects. Thus, the cancer risk and HI ratios that
constitute a potential concern are those which are greater than 1 x 10* and unity (1),
respectively. Cancer risks which fall within the range of 1 x 10* to 1 x 10 (referred to as
within the acceptable risk range) require further evaluation. The potential risks posed by the site
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in association with each scenario were evaluated, and the exposure pathway(s) driving the

calculated risks are summarized below:

[ Trespassing Scenario (Scenario 1) - Total cancer risks fall within the acceptable
range; total His are acceptable (less than unity).

L Recreational Use Scenario (Scenario 2) - The maximum cancer risk value (1.3
x 10, slightly exceeds the acceptable risk range. The mean risk value and total
His are within acceptable values.

o Construction Scenario (Scenario 3) - The total cancer risk range and the mean
HI are within acceptable values. The maximum HI (2.5) exceeded the acceptable
value.

o Commercial/Industrial Use Scenario (Scenario 4) - The total cancer risks

(1.8 x 10? and 3.9 x 10 and the His (1.8 and 13) exceed acceptable values.

° Residential Use Scenario (Scenario 5) - The total cancer risks (ranging from
2.3 x 10? to 1.3 x 10?) and the His (ranging from 5 to 65) exceed acceptable
values for both children and adult receptors.

For Scenarios 1, 2, and 3, the major contributing factor to the calculation of cancer risk
is ingestion of carcinogenic PAHs in soil. The pathway of primary concern associated with
Scenarios 4 and 5 with respect to cancer risk is ingestion of ground water containing inorganics
(arsenic, befyllium) and carcinogenic PAHs. The primary contributor to the total His for
Scenarios 1, 2, and 3 is ingestion of inorganics in soil. Ingestion of inorganics (antimony,
arsenic, cadmium, chromium, copper, manganese, mercury and zinc) in ground water drives the
total His for Scenarios 4 and 5.

While current risks posed by site surface soils to potential trespassers fall within the
acceptable risk range of 1 x 10* to 1 x 109, they exceed the point of departure risk level of
1 x 10®. Existing conditions at the site may pose a potential risk to the environment as well,
due to the potential for contaminant migration via erosion, the continued generation of leachate
as a result of the infiltration of precipitation, and ground water flow towards the bay. Additional
assessment of site-related human health and environmental risks will be conducted as part of the
Phase IT RI. Placement of a cap over the landfill is intended to effectively eliminate exposure
to contaminated surface soils. In addition, the cap will reduce infiltration of precipitation into

waste material and thereby reduce leachate production.
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2.0 SAMPLING AND ANALYSIS PLAN

2.1 INTRODUCTION

The objective of the Sampling and Analysis portion of this Work Plan is to present the
scope of the field exploration activities to be conducted in support of the cap design at the
McAllister Point Landfill in Middletown, Rhode Island. The findings of these exploration
activities are intended to provide supportive documentation necessary to design a cap over the
site in accordance with the July 30, 1993 Proposed Plan. In addition, this section provides a
brief outline of the methods which will be used to evaluate data generated from pre-design
activities.

The scope and rationale for the site survey, subsurface exploration, landfill gas, sediment,
leachate generation fate and transport, leachate ecological risk assessment, and landfill cap
design activities are presented in Sections 2.2 through 2.8. A summary of the planned pre-

design sampling and analysis activities is presented as Table 1.

2.2 SITE SURVEY

Following completion of pre-design exploration activities the site will be surveyed by a
State of Rhode Island registered surveyor. The physical site features along with the location
elevation, and coordinates of pre-design boring and sediment sampling locations will be defined
by the survey. The physical site features will be reproduced on a topographic site plan (at a
scale of one inch equals 40 feet) with a one-foot contour interval from mean low water to the
Defense Highway. Cross sections of the project area will be surveyed at 100-foot intervals.
Wetlands flagging will be identified on the site topographic plan. In addition, three recoverable
points will be established at the landfill with set horizontal and vertical coordinates for
construction control purposes. All elevations will be referenced to mean sea level MSL NGVD
1929) to the nearest 0.1 foot.
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2.3 SUBSURFACE EXPLORATIONS

A series of subsurface explorations will be performed prior to initiation of design
activities. These explorations are intended to provide data 6n the landfill fill and underlying‘
native soil conditions and to assess the potential impact landfill gasses may have on the cap.
Subsurface explorations planned at the landfill include the installation of four test borings, the
construction of three vapor extraction wells and the installation of nine vapor probes. Each of

these activities are described below.

2.3.1 Test Borings

A series of four test borings are planned at the site at the locations indicated on Figure
4. Boring locations have been selected to provide representative coverage of subsurface
conditions at the landfill. The purpose of these borings'is threefold: to provide additional data
on the type and depth of landfill materials at the site; to allow collection of native soil samples
under the landfill for geotechnical testing; and to allow access for the installation of three vapor
extraction wells.

On-site drilling and vapor extraction well construction activities will be subcontracted to
a qualified well drilling firm. Test borings will be advanced using 4%-inch minimum inside
diameter (I.D.) hollow-stem augers. The drilling activities will be conducted under the
supervision of a TRC geologist/engineer. During drilling, split spoon samples will be collected
at five foot depth intervals using a two O.D split-spoon sampler aﬁd standard penetration test
(SPT) procedures as set forth in ASTM D1586. One 3.5-inch O.D. undisturbed thin-walled tube
sample (Shelby’ Tube) will be collected from each boring from soil underlying the fill material,
if compressible clay, silt, or organic sediments are encountered. Borings will be drilled to
approximately 25 feet (estimated depth to competent bedrock) below ground surface. However,
test borings will be terminated if auger refusal is encountered above 25 feet at a depth consistent
with the top of competent bedrock.

The purpose of the collection of split-spoon samples will be twofold; first to define
subsurface conditions in the area in which the vapor pilot test will be conducted, and secondly
to collect samples of native soil underlying the fill for geotechnical testing. The physical
characteristics of each soil/fill sample will be geologically logged and generally described by
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TRC personnel in a field notebook. General observations may include fill type, staining, odors,
oily soils, etc. Split spoon soil samples will be screened with an OVA and LEL immediately
upon being opened. As indicated in Section 3.0, field screening for the presence of total VOCs
and the presence of explosive gasses as well as oxygen content will be conducted during the
drilling program.

Upon completion of the drilling program, one Shelby Tube soil sample per boring will
be selected for geotechnical testing. This sample will consist of soil which, based on physical
characteristics, appears to represent native soil underlying the fill and is amenable to collection
using a Shelby Tube piston sampler (e.g., a sample with high silt, clay, or organic matter). The
sample will be collected in such a manner as to minimize sample disturbance. Geotechnical
analysis of these samples is described in Section 2.3.3 below. It is anticipated that these samples
will be collected at or below the existing water table approximately 20 feet below ground
surface.

Following completion of the boring, a vapor extraction well will be installed in three of
the four test borings. The location of the vapor extraction wells is shown on Figure 4.
Procedures for the construction and installation of these extraction wells is summarized in
Appendix A. In general, eéch extraction well will be constructed of four-inch diameter PVC
pipe consisting of a slotted screen section and solid riser pipe. Based on the current
understanding of the fill thickness (3 to 24 feet) and average depth to ground water (about 20
feet), the screened interval will be established at approximately four to 17 feet below ground
surface in each extraction well. This interval has been selected to provide a broad cross section
of fill conditions, to be a minimum of two to three feet above the highest elevation of the water
table (when a vacuum is applied to the extraction well, the static water level will rise), and to
allow proper isolation of the screened interval from the ambient atmosphere.

Excess drill cuttings produced from the installation of the vapor extraction wells will be
drummed and handled as described in the Investigation Derived Waste Plan, presented herein
as Appendix B. Drill cuttings produced from the fourth test boring (where no well will be
installed) will be backfilled into that borehole at the completion of the drilling activities. The top
of this boring location will be backfilled level to the ground with a cement bentonite slurry, as

described in Appendix A.
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2.3.2 Vapor Probes
A series of nine vapor probes will be installed at the McAllister Point landfill. Three

probes will be installed around each vapor extraction well in the configurations indicated on
Figure 5. In general, the configurations shown are intended to provide information on horizontal
changes in pressure and gas concentration around the central extraction well within each cluster.
Specifically, vapor probe configuration A is intended to provide data on the distance-related
-heterogeneity of subsurface fill material, configuration B the direction-related heterogeneity and
anisotropy, and configuration C a combination of both distance- and direction-related subsurface
anisotropy and heterogeneity.

Individual probes will be constructed in the manner described in Appendix- A. In
general, each probe will consist of a one-inch diameter slotted PVC screen attached to a flush
jointed riser pipe. Given the current understanding of site subsurface conditions described in
Section 2.3.1 above, the screened interval of the vapor probes will be set from approximately
ten to 15 feet below ground surface. Screening the vapor probes over this interval is intended
to provide information on the average subsurface soil/fill air permeability and changes in landfill
gas concentrations over time. Collection of landfill gas samples from the vapor probes is
described in Section 2.4.1. °

2.3.3_Geotechnical Analyses

As described above a series of four soil samples will be collected from native soils
underlying the fill at the McAllister Point landfill. One sample per test boring will be collected
for quantitative analysis of the geotechnical tests described below.

Incremental Consolidation Test (ASTM D-2435)

This is a one-dimensional test used to assess the total anticipated compression of a fine-grained
soil under an applied load. This test provides data on the time rate of compression caused by
the gradual decrease in sample volume caused by squeezing of pore water from the sample.
Information generated by this test will be used to assess the potential additional settlement of the
underlying soils which may be caused by the installation of a cap over the site.
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Triaxial Compression Test with Pore Pressure Measurements (ASTM D-4785)

This test measures the shear strength of soil. In the triaxial compression test a cylindrical
sample is confined by a membrane and lateral pressure is applied to the sample. Pore water
drainage is controlled by tubing connected to the ends of the sample. This test allows for
measurements of pore water pressure and soil shear strength testing under a variety of loading
and drainage conditions. Information generated by this test will be used to assess potential slope
stability concerns due to increased loads on the landfill from the installation of the cap.

Organic Content (ASTM D-2974)

This test measures the concentration of organic matter within a sample by combustion
techniques. Data generated from this test may be used to assist in predicting contaminant
migration rates and general soil properties.

Combined Sieve and Hydrometer Analysis (ASTM D-422)

This test determines the grain-size distribution of a soil sample from coarse to fine grained soils.
Data generated from this test may be used to predict soil properties.

Atterburg Limits (ASTM D-4318)

This test is used to measure several physical properties of a soil such as liquid limit, plastic limit
and shrinkage limit. Data from these tests may be used to predict soil shrinkage and swell

characteristics as well as estimating the degree of sample preconsolidation. In addition, data
generated from this test may be used to predict soil properties.

Specific Gravity (ASTM D-854)
This test measures the density of a soil sample. Data generated from this test may be used to

predict soil properties.

The selection of samples to be submitted for laboratory analysis will be made by TRC

geologists/engineers based on field observations of soil conditions.
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2.4 LANDFILL GAS ASSESSMENT

Depending on the results of the landfill gas pilot testing described in Section 2.4.1 below,
a landfill gas management system may be incorporated into design of the cap at the site. To
assess the need for landfill gas control systems at the site, if any, pilot testing will be conducted
on vapor extraction wells which will be installed within the landfill area. Data collected from
the testing would be used to assess landfill gas composition and potential generation rates. This
data would be evaluated to determine the need for, and possible options for landfill gas venting
or extraction systems. The construction and installation procedures to be used for landfill gas
extraction wells and vapor probes are described in Appendix A. Pilot scale testing procedures

and data evaluation and analysis techniques are outlined below.

2.4.1 Pilot Testing

Each of the three landfill gas monitoring networks (e.g. A, B, and C) will be pilot tested
to assess the potential impact subsurface landfill gasses may have on the air quality at the site
and on the physical composition and integrity of the cap structure. Additionally, the results of
the pilot testing will be used to design landfill gas controls, if needed.

Pilot testing will be initiated by the withdrawal of vapor from the landfill gas extraction
well. At the start of the test pressure and landfill gas quality measurements will be collected at
both the extraction well (through a sample port on the piping coming out of the well) and vapor
probe using the sampling techniques described in Appendix A. The extraction pump is turned
on and the test is started and measurements will be collected until such time as a steady state
flow condition is observed (e.g., no significant change in pressure or gas quality for at least a
ten minute period). The test will be terminated after steady state conditions are achieved.
Pressure and gas concentration data will be measured during system recovery until pre-extraction
conditions are achieved. Individual tests typically require several hours to set-up and complete

and consist of the following steps:

° A vacuum pump with a minimum air flow cépacity of 55 scfm at
four inches of mercury is directly plumbed to the extraction well
using PVC piping outfitted with a pressure gage and gas sample
port. .
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° The teflon tubing at individual vapor probes are connected to a
series of differential pressure gauges.

o The test is initiated by tuming on the vacuum pump.
Measurements of pressure and landfill gas quality (total VOCs,
oxygen content and combustibility) are collected simultaneously
from the sample port on the extraction well process piping and
from the vapor probe.

° Measurements of time, pressure, temperature, flow rates and
landfill gas quality are recorded until no significant changes are
observed in any measurement for a period of at least ten minutes.

o The vacuum pump is turned off and measurements of pressure and
landfill gas quality recovery are recorded until pre-pumping
conditions are achieved. At this point the pilot test is terminated.
If necessary, the test will be re-run to verify test data.

A series of eight landfill gas samples (including one ambient air blank sample) will be
collected from the vapor extraction wells and vapor probes using the methods described in
Appendix A. These samples will be analyzed for methane and volatile solvents using GC/MS
techniques by modified EPA TO1 and T02 methodologies. The selection of gas samples for
quantitative laboratory analysis will be based on a number of factors including distribution of
sample points over the landfill, relative indication of contamination (field screening results), soil
boring observations, and time from initiation of the extraction test.

To ensure that vapors extracted from the landfill are not discharged directly to the
atmosphere at a loading rate exceeding allowable limits, a 55-gallon carbon canister may be
affixed to the effluent side of the vacuum pump. Effluent from the carbon canister will be
periodically monitored to assess discharge air quality. Following completion of the testing,
above ground equipment will be removed from the site. Spent carbon will be sampled and\
characterized prior to disposal/regeneration. Carbon canisters will remain on-site during sample

analysis and selection of a regeneration/disposal facility.
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2.4.2 Data Analysis and Evaluation

Data generated from the pilot-scale testing and field and laboratory analysis of landfill
gas samples will be evaluated to determine the need for, and type of, gas control system to
incorporate within the design of the cap at the landfill. Data evaluation will include modeling
site data using HyperVentilate (V1.01 and V2.0) software. This software was developed by the
U.S. EPA and Shell Oil Company to:

Identify and characterize site-specific data,

Decide if soil venting is appropriate,

Evaluate pilot-scale testing (air permeability) data,

Calculate the minimum number of extraction wells needed, and
Illustrate deviation of site conditions from an ideal case.

Data produced from the test boring and pilot-scale testing programs may be used as input
to the model to characterize site conditions. These data include: subsurface geologic and
hydrogeologic conditions, contaminant identification and delineation factors and temperature
conditions. While this model was developed to assess the general applicability and efficiency
of soil vapor extraction at a site, it will be used at the McAllister Point landfill to assess the
need for an active versus a passive gas control system, as necessary. Additional information on

the HyperVentilate Model is provided in Appendix C.
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2.5 SEDIMENT SAMPLING AND ANALYSIS

A series of six sediment samples will be collected from the shoreline of the McAllister
Point Landfill at the locations indicated on Figure 4. Sediment sampling procedures are
described in Appendix A.

2.5.1 Sediment Sampling
Considering the need to establish a stable, protected slope along the Bay portion of the

landfill, it likely that sediment at the toe of the landfill slope may need to be excavated to place
shoreline protection features (e.g., stone armored revetment). Therefore, sediment samples will
be collected from the shoreline of the landfill to assess sediment quality consistent with RIDEM
guidelines for sediment characterization. A copy of these guidelines are provided in Appendix
D. In general, sediment samples will be collected as composite samples over a depth interval
consistent with the proposed sediment excavation depth of two to four feet below existing grade.

Depending on the results of the chemical analysis of the samples described in Section
2.5.2 below, the excavated sediment will likely be placed on the top of the landfill, and then
subsequently covered with the cap.

2.5.2 Sediment Analyses _
As indicated on Table 1 all six of the sediment samples will be quantitatively analyzed

for the following general quality parameters:

Grain Size Distribution
Moisture Content
Total Solids )
Total Organic Carbon
Specific Gravity

Total Sulfides
Ammonia
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In addition, a subset of four samples will be quantitatively analyzed for the following

toxic parameters:

Full Toxicity Characteristic Leaching Procedure (TCLP) parameters
Full Target Compound List (TCL) parameters

Full Target Analyte List (TAL) parameters

Total Petroleum Hydrocarbons

Oil and Grease

Analytical methods are described in Section 5.0. In general, of the six general quality
sediment samples, four will be collected as vertical composite samples over the anticipated depth
of sediment excavation (two to four feet below existing ground surface). The remaining two
samples will be collected from the upper six inches of sediment. Each vertical composite sample
will be collected from a single location. Sediment samples which will be analyzed for toxic
parameters will be selected from the six samples based on field consideration of sample

distribution, evidence of discoloration, odor, or unusual characteristics.

2.6 LEACHATE GENERATION FATE AND TRANSPORT ASSESSMENT

The objective of the capping action at the McAllister Point Landfill is to provide
containment and isolation of the landfill contents through the control of leachate generation as
a result of infiltration. Through this action, exposures to the landfill area will be limited and
continued migration of contamination leached from the waste materials located within the
unsaturated zone into the ground water will be minimized. To assess the reduction in leachate
generation which will be achieved by the placement of an impermeable cap over the landfill, a
leachate generation fate and transport assessment will be conducted. This assessment consists
of two basic components. An assessment of the volume of leachate generated following cap
placement and an assessment of the fate and transport of leachate and residual leachate which
will be produced following the capping action. Each of these components are described below.

The leachate generation fate and transport assessment will be conducted following the
completion of the collection of additional field and laboratory data for the planned Phase II RI
program. The Phase II RI program will supply the necessary additional soil, ground water, and
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hydrogeological parameters required as input for the assessment. This includes the collection

of the long-term tidal influence measurements for selected monitoring wells.

2.6.1 Leachate Generation Assessment

To evaluate the quantity of infiltration (therefore leachate generation) which may occur
following construction of the cap system, the cap system will be simulated using a nationally
recognized model, the Hydrologic Evaluation of Landfill Performance (HELP) computer
program. The HELP model was developed by the U.S. Army Corps of Engineers Waterways
Experiment Station for the U.S. EPA. This program is a quasi-two-dimensional hydrologic
model of water movement across, into, through and out of landfills. The model accepts
climatologic, soil and design data and utilizes a solution technique that accounts for the effects
of surface storage, runoff, infiltration, percolation, evapotranspiration, soil moisture storage,
subsurface inflow, and lateral drainage. Landfill systems, including various combinations of
vegetation, cover soils, waste cells, special drainage layers and relatively impermeable barrier
soils, as well as synthetic membrane covers and liners, may be modelled. The program was
developed to facilitate rapid estimation of the amounts of runoff, drainage and leachate that may
be expected to result from landfill operation under a wide variety of landfill designs. The model
is applicable to open, partially closed and fully closed sites.

Numerical modeling is the process in which a physical system is first described by
analytical mathematical equation(s) and then simulated by numerical approximations of
mathematical solutions using a digital computer program to predict its physical processes. This
modeling process is necessarily based on many simplifying assumptions. The major assumptions
for the HELP program are summarized below.

The HELP model computes the rainfall-runoff on a long-term based statistical average,
and therefore cannot provide accurate estimates of runoff volume for individual storm events.
It assumes Darcy flow through the soil and does not consider any channeling flow due to soil
charlacteristics such as cracks or root holes. The lateral drainage rate and average saturated
depth have been assumed to support the unsaturated drainage as a steady state drainage.

The HELP program requires three general types of input data: climatological data, soil
data and design data. The default climatological data of Providence, Rhode Island will be used
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as input to the HELP model. This data includes five years of historical precipitation data (1974
through 1978). Maximum leaf area index and evaporative zone depth corresponding to
vegetative cover of fair grass may also be assumed.

Soil data required as input to the model includes the number of layers in the cap, layer
types (i.e., vertical percolation, lateral drainage or barrier soil liner), layer thickness, soil
texture, soil compaction, initial soil water content, leakage fractions for synthetic membrane
liners, vegetative cover type, and runoff curve number.

Design data are also required in the HELP program and include such information as the
total landfill surface area, slope of a lateral drainage layer, and maximum lateral drainage
distance along a slope. Each of these data will be determined during the cap design. A
preliminary assessment of the quantity of leachate which may be generated by the placement of
a RCRA Subtitle C landfill over the site indicated that approximately 600 to 700 gallons of
leachate may be generated on an annual basis. Further information on this preliminary estimate

may be found within the Final Focussed Feasibility Study for the site.

2.6.2 Leachate Fate and Transport Assessment

Based on the results of the leachate generation assessment described above, a leachate
fate and transport assessment will be conducted. This assessment will consist of three major

components:

° A qualitative description of the leachate generation and potential
migration pathways will be presented. This description will
provide the foundation and conceptual framework for the
quantitative analysis.

o A quantitative assessment will be performed. This assessment will
use existing site data as input to a model (MODFLOW) which will
provide information on the anticipated rate of leachate migration
that might be expected at the landfill.

° Potential future migration will be evaluated using information
supplied by the leachate generation assessment and migration
assessment.
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It is assumed that the leachate generation will migrate downward into ground water and
migrate in the aqueous, or dissolved ground water phase. Therefore, leachate fate and transport
properties will be modelled using a three-dimensional ground water flow model. The model
~ chosen for this assessment is the USGS MODFLOW model which has been selected based on
the programs ability to provide a realistic numerical characterization of the existing aquifer
_system beneath the landfill. MODFLOW is a public domain model that approximates ground
water flow using a finite difference technique. Information required as model input include such
aquifer properties as porosity, hydraulic conductivity, adsorption, dispersivity, and initial
pressure and concentration conditions. These data will be estimated from existing site-specific
data (Phase I RI) and information available within the literature. Model output will include
information on the three-dimensional rate of leachate migration at the landfill and would form
the basis for a future impact assessment. This assessment would estimate the impact leachate
migration may have on Narragansett Bay based on predicted leachate loading and migration
rates. In addition, tﬁe future impact assessment would evaluate natural ground water flow and

transport (e.g., flushing) of the landfill following cap placement.

2.7 LEACHATE ECOLOGICAL RISK ASSESSMENT

To assess the need for mitigation of the landfill leachate in the post-capping scenario, an
ecological risk assessment and characterization will be performed to determine potential adverse
effects of leachate on environmental receptors in Narragansett Bay. The ecological assessment
and risk characterization are described below.

To undertake the ecological risk assessment modeled ground water concentrations will
be used to simulate the loading of landfill contaminants into the Bay. The accumulation of these
contaminants in sediment and biota will be calculated based upon partition coefficients and
bioconcentration factors. Resulting environmental concentrations (water column, sediment,
biotic tissues) will be compared against available environmental quality criteria. Additionally,
contaminant exposures will be compared against acceptable exposures to marine biota (plants,
macroinvertebrates, shellfish) to derive Toxicity Quotients. The Toxicity Quotient will provide
a quantitative measure of the acceptability of the modeled exposures. Exposure concentrations

likely to be devoid of ecological harm will be determined from the marine toxicology literature

2-13

TRC



for the chemicals of interest, with computerized searches of fish and wildlife databases providing
the vehicle to locate appropriate toxicity data.

| The habitats and species potentially impacted will be assessed based upon evaluation of
previous benthic studies of Narragansett Bay, and based upon current site-specific data gathered
in the Bay just off of McAllister Point. These data will describe the habitats and species
involved so that rare, threatened, or endangered species and habitats can be identified. An
endangered species search will also be conducted using local databéses which report the sitg
of endangered species in specific locations. The habitat and species data will provide an index
of species diversity and enumeration, presence of special concern species and background
concentrations of chemicals in species tissues and sediment due to previous releases. This data
will provide an indication of whether adverse biological impacts are evident in the region of
McAllister Point.

The ecological risk assessment will be divided into the following tasks:

° Hazard Assessment - identify contaminants of concern and
receptors of concern; characterization of the ecological resource
and associated habitats.

° Toxicity Assessment - evaluate the dose response relationships
describing the marine impacts of the contaminants of concemn;
identification of environmental concentrations criteria relevant to
the marine media of concem.

o Exposure Assessment - identify biotic exposure pathways stemming
from contamination of the water column, sediment, and food
resources; model exposure point concentrations in these media;
evaluate the likelihood for exposure to occur.

®  Risk Characterization - calculate Toxicity Quotients for
quantifiable risks; compare modeled concentrations to available
criteria; evaluate sensitivity and uniqueness of the ecosystem and
specific receptors in terms of the contaminant exposures; discuss
potential impacts in relation to background concentrations and
risks.
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2.8 DESIGN OF THE LANDFILL CAP

A conceptual level description of the cap at the McAllister Point Landfill is provided
below.

A multi-layer cap would be placed over the landfill area to limit the amount of infiltration
and thereby minimize leachate production. The cap would cover approximately 10.5 acres,
encompassing the landfill area at McAllister Point, including identified areas of ash, construction
debris and domestic waste disposal. The general area where the cap would be placed is
indicated on Figure 6. The cap would be designed to meet or exceed Resource Conservation
and Recovery Act (RCRA) guidance as described in the USEPA documents, Technical Guidance

Document: Final Covers on Hazardous Waste Landfills and Surface Impoundments (USEPA,
1989) and Design and Construction of RCRA/CERCLA Final Covers (USEPA, 1991), and in
accordance with accepted engineering design practices. Site-specific factors will be considered
in determining an effective cap design. A typical cover system is composed of a vegetative and
protective laye\r, a drainage layer, an upper barrier layer consisting of a synthetic membrane,
and a lower barrier layer consisting of a low permeability soil barrier. An optional gas vent
layer may be placed below the lower barrier layer, if determined to be appropriate during the
landfill gas management system evaluation. A conceptual cap cross-section is provided in Figure
7.

A landfill gas management system would be incorporated into the cap design if necessary.
As part of the design phase, a landfill gas study would be conducted as described in Section 2.4
above.

Surface controls, including grading, re-vegetation, storm water runoff and slope
protection would be implemented in conjunction with the multi-layer cap.

Prior to construction of the cap, the site would be regraded to eliminate depressions and
steep sidewalls to the extent practicable so that precipitation will run off instead of ponding on
the surface or infiltrating into the landfill and to provide stable slopes. The regraded surface
will also enhance the placement of the cap materials over the landfill area, especially along the
steep sidewall areas adjacent to Narragansett Bay. Near-shore sediments may need to be

excavated from below the mean high water line for placement of shoreline protection features.

2-15

TRC



Regulatory permission to exc'avate and consolidate this sediment within the proposed cap area
prior to initiation of cap construction activities will be sought.

Following cap construction, the entire cap would be seeded and/or planted to minimize
erosion of the cap’s surface. A re-vegetation analysis will be conducted to allow development
of a re-vegetation plan which will enhance future habitation of the site by indigenous species.
This analysis will be conducted by a qualified ecological consulting firm.

The cap and drainage system would be connected to a system of drainage swales around
the landfill to control run-on and run-off. Along the western side of the landfill, bordering
Narragansett Bay, slope protection revetment would be utilized to protect the landfill materials
and the landfill cap from potential damage due to wave erosion, storm surges, etc. During the
design process, a storm surge and wave analysis will be conducted to evaluate wave energy
forces along the shoreline and maximum wave runnup in order to design protection of the slope.
A stability analysis of the existing and/or any proposed modifications to the existing side slope
will also be conducted during the design process. The final design of the slope protection
system would be in accordance with the Army Corps of Engineers’ Shore Protection Manual and
available FEMA coastal flood elevation information. Any reduction in the grade of the seaward-
facing landfill slope would be designed so as to consolidate any material removed from the slope
in the area to be capped and to minimize any movement of landfill material into the adjacent
bay. In accordance with Section 404 of the Clean Water Act, the slope protection features along
Narragansett Bay should not extend beyond the toeprint of the existing landfill. If during the
design process it is determined that the cap cannot be constructed in accordance with this
requirement, mitigation of impacted wetlands may be required. If mitigation is required, a
mitigation plan will be developed and distributed for p{lblic comment prior to implementation.
A conceptual slope protection section is provided in Figure 7.

Adjacent to the remainder of the cap’s perimeter, drainage swales would be used as

necessary to control run-on and run-off from the cap.
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2.8.1 Long Term Monitoring Review
It is anticipated that a thirty-year period of post-closure care will be required following

completion of the landfill cap. Post-closure care would consist of the following components,
in accordance with RCRA requirements (40 CFR Part 264, Subparts G and N):

o Maintaining the integrity and effectiveness of the final cover, including making
repairs to the cap as necessary to correct the effects of settling, subsidence,
erosion, or other events;

o Maintaining and monitoring the ground water monitoring system and complying
with other applicable requirements of 40 CFR 264 Subpart F;

° Maintaining and operating the gas control and monitoring system,;
o Preventing run-on and run-off from eroding or otherwise damaging.the final
cover; and

o Protecting and maintaining surveyed benchmarks used in complying with 40 CFR
264.309.

Long-term ground water monitoring and storm water discharge monitoring would be
conducted following capping of the landfill. The design of the monitoring systems would be
defined following completion of additional ground water studies and site drainage design. The
environmental monitoring program would be submitted for regulatory review and would identify
the sampling locations and sampling frequencies. At a minimum the environmental monitoring
program would be conducted for a period of thirty years. '

Five-year reviews would also be required as part of the environmental monitoring
program. In addition to making recommendations regarding future remedial actions, the five-
year reviews would assess the performance of the containment system to ensure continued

protection of human health and the environment.
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3.0 HEALTH AND SAFETY PLAN

This Health and Safety Plan (HASP) has been developed to guide TRC’s health and
safety procedures which will be used during field investigations for the design of a landfill cap
at the McAllister Point Landfill. This HASP is intended to meet requirements for protection of
worker health and safety required by the Occupational Safety and Health Administration (OSHA)
under 29 CFR 1910.

3.1 HEALTH AND SAFETY OBJECTIVES
The objectives of this HASP are to:

° Inform site personnel of the currently known and suspected
hazards associated with work at contaminated areas at the
McAllister Point Landfill;

] Provide a safe work environment;

° Minimize the risk of injuries and illness for site workers and the
public; and

o Comply with safety and health laws and regulations.

All site personnel, including subcontractors, are required to become familiar with and
follow provisions of this plan. Although all employees are required to follow the guidelines set
forth herein, the safety of site personnel is ultimately the responsibility of the individual and
their respective employers. Copies of this HASP will be available to on-site personnel for
orientation to anticipated on-site hazards (based on currently available data), as well as the health
and safety procedures to be followed during implementation of this program. TRC and the Navy
cannot be responsible for enforcing provisions of this plan for the health and safety of site

personnel other than their own employees.
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3.2 HEALTH AND SAFETY ORGANIZATIONAL STRUCTURE

This section focuses on TRC’s organizational structure in specific relation to health and
safety. The main points-of-contact between the Navy and TRC are TRC’s Program Manager
and Project Manager. TRC’s Health and Safety Director provides consultation to the Program
and Project Manager on health and safety issues as well as industrial hygiene concerns. Field
operations are directed by the project manager in coordination with the Navy and the Program
Manager. These operations are headed by a Field Operations Manager, who has control of day-
to-day field activities during on-site work. Day-to-day control of worker health and safety is
conducted by the TRC On-Scene Coordinator (OSC) who reports directly to the Field Operations
Manager, or, in his or her absence, the TRC Project Manager. While individual subcontractors
are required, or at a minimum encouraged, to develop their own health and safety plans they
must follow the requirements of this HASP.

Responsibilities of key health and safety personnel are described below. These personnel
will be involved with the development and/or modification of this HASP for task-specific work
activities at the site. Modifications of this HASP will be reviewed and approved by key
supervisory staff.

Program Manager
° Holds ultimate responsibility for satisfactory completion of the
project.

° Reports status of field activities to the Northern Division Project
Manager.

Health and Safety Director

° Reviews and provides input to subcontractor-generated health and
safety plans.
® Provides on-going industrial hygiene support to the Project Manager.
° Reviews and approves significant changes and/or deviations to the HASP.

o Provides consultation to the Project Manager on technical aspects of the HASP
and its implementation.
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Project Manager

)

Provides overall project management and control.
Maintains day-to-day liaison with the Northern Division technical staff and
subcontractors.

Prepares, reviews, and transmits project documents to the Navy.

Conducts the initial health and safety site orientations.

Notifies the Navy technical staff of any site emergencies.

Conducts field health and safety audits, as necessary.

Field Operations Manager

Coordinates and supervises fieldwork.

Reports daily progress of fieldwork to the Project Manager.

Notifies Project Manager of deviations from the Health and Safety Plan.
Assures that fieldwork proceeds according to Health and Safety Plan require-
ments.

Designates On-Site Coordinator (OSC)

On-Site Health and Safety Coordinator (OSC)

Monitors field investigations to ensure compliance with the approved HASP.
Recommends modification of the HASP to the Project Manager as soon as
practical after it is apparent that the Plan should be modified.

Primary responsibility for notification of and transport of injured field personnel
to a hospital in the event of an accident.

Keeps non-essential personnel outside study zone boundaries. Logs in the field

- notebook personnel who enter into the study zone.

Uses appropriate portable field instruments to monitor site conditions during
investigatory activities.

Maintains a log of field activities, monitoring data, and site meetings.

Monitors decontamination procedures for personnel and equipment.

Monitors the handling and storage of investigation-derived waste

materials.

Appoints alternate on-site coordinator on an as needed basis.

On-Site Health and Safety Coordinator - Alternate(s)

Assumes all functions and responsibilities of the OSC in his/her absence.
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Subcontractors

L Immediately notify the Field Operations Manager or On-Site Coordinator of
hazardous or potentially hazardous conditions or environments that are not
addressed or not adequately addressed in the HASP.

o Conduct work in a safe manner.

3.3 MEDICAL SURVEILLANCE

TRC maintains a continuous in-house medical surveillance program designed specifically
for field personnel engaged in hazardous waste site activities. This program is maintained in
compliance with 29 CFR 1910.120(f) and is intended to assess and monitor personnel exposure
to hazardous and/or toxic agents. As indicated in EPA’s Standard Operating Safety Guides (pg.
19), the goal of a medical surveillance program, and of appropriate screening and monitoring
in the workplace, is the protection of an employee’s health. Two factors are critical for

achieving this goal:

] Detecting pre-existing disease or medical conditions that may place
an employee performing certain tasks at an increased risk; and

o Minimizing individual exposures at the workplace, so that the
disease process is never initiated.

A consulting, board-certified, occupational physician and TRC’s Health and safety
Director will conduct and oversee TRC’s medical monitoring program. Clinical laboratory
testing protocols will be determined by the examining physician. TRC’s company physician (Dr.
Michael Erdil) is a specialist in occupational health. Dr. Erdil’s address is:

Mr. Michael Erdil, M.D.
Immediate Medical Care Center
423 Franklin Avenue

Hartford, CT 06114

Phone (203) 296-8330
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Each TRC employee must have medical clearance from the Health and Safety Director
prior to commencement of site work. Medical evaluations are conducted on a yearly basis
according to the outlines described in this section. The purposes of the medical monitoring

program are as follows:

o To assess the health status of an employee prior to work;

° To evaluate and provide medical care for personnel in the event of
a work-related accident or illness;

o To identify any adverse health effects resulting from hazardous
work and to determine employee fitness for future work
assignments.

Additionally, it has been TRC’s experience that a medical monitoring program generates
a sense of health and safety conscious among project personnel. Pre-placement, exposure and

follow-up medical evaluations are described below.

Pre-Placement Medical Evaluation

Employees whose work assignments require their presence at a hazardous work site are
required to have a baseline medical evaluation prior to commencement of hazardous work

activity. The baseline medical evaluation consists of the following.

Medical and Occupational History
Physical Exam

Pulmonary Function

Urinalysis

CBC (with differential and RBC) Chem 24 (SMAC)
RBC Cholinesterase

Urine Heavy Metal Panel

Blood Lead

Blood PCBs

EKG (over 40 years of age)
Audiometry
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In addition to the initial baseline medical evaluation, an annual medical evaluation is

conducted for TRC employees. The annual medical evaluation consists of the following:

Physical Exam and History

Pulmonary Function

Urinalysis

CBC (with differential and RBC) Chem 24 (SMAC)
RBC Cholinesterase

Blood Lead

EKG (over 40 years of age)

Audiometry

Additional tests which may be performed as part of the annual examination include the

following:

o Cholinesterase (plasma)
o Urine Heavy Metal
o Chest X-Ray (2-view)

Based upon this examination and a review of the employee’s job description, the
physician identifies any medical restrictions which would affect an employee’s ability to safely
perform his/her job. If no restrictions are imposed, the physician certifies the employee as
capable of conducting work at hazardous waste sites. The examining physician communicates
any medical restrictions directly to the employee and TRC Health and Safety Director, if

appropriate.

Exposure Medical Evaluation
If an employee suspects exposure to a toxic chemical or other hazard while performing

project tasks, additional tests may be conducted following the exposure period. Individuals are
encouraged to discuss potential exposure events and changes in their health status with their
physician and/or the TRC Health and Safety Director.
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Follow-up Medical Evaluation
Each person who participates in hazardous work activity has an annual medical

examination. The evaluation consists of the following:

® Basic medical evaluation (as described above); and
o Additional medical testing as dictated by hazardous work history
and other health status changes during the previous year.

The health care facility is required to retain TRC medical records for a minimum of five

years.

3.4 HEALTH AND SAFETY TRAINING

The TRC field personnel who may be assigned work activities at the McAllister Point
Landfill have completed OSHA required safety training programs, and will undergo site specific
safety instruction prior to the start of field work. Both OSHA and on-site training programs are

discussed below.

3.4.1 OSHA Training
TRC personnel receive training which, at a minimum, satisfies the OSHA regulations for
hazardous waste and emergency response (29 CFR 1910.120). TRC personnel assigned to
hazardous field work undergo both classroom and practical training relative to general health and
safety and respirator use. Both programs are described within this section.
" TRC personnel who participate in on-site work activities which may result in exposure
to a toxic or hazardous material are required to complete a 40-hour OSHA safety training

program, as well as yearly refresher programs to:

° Ensure maximum regard for the health and safety of fellow
employees, the public, and the environment;

L Comply with laws, rules, and regulations required to safeguard the
health and safety of employees, the public, and the environment;

° Increase the ability of employees to react responsibly and safely
under normal conditions and during emergency situations; and
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L Educate personnel relative to potential hazards, adverse chemical
effects, and the importance of safety and industrial hygiene
practices.

TRC hazardous waste site investigation personnel who may work at the McAllister Point
Landfill have attended a course (or its equivalent) which includes discussion of many topics in
dealing with hazardous substances. The course was comprised of classroom instruction,

demonstrations, respirator fit testing, protective clothing outfitting, and hands-on field safety

training.

A typical training course includes, at a minimum, the following topics:

Identification of hazardous substances
Properties of hazardous substances
Routes of exposure

Toxicity

Practical considerations

Physical properties of chemicals
References for TLV, LEL, toxicity data, cross references
Remote sensing, map reading

. Technical assistance organization

10.  Air monitoring and survey instruments
11.  Site entry and egress procedures

12.  Heat stress monitoring

13.  Levels of personnel protection

14.  Site control - work zones

15.  Site control - decontamination

16.  Equipment decontamination

17.  Site/Area safety planning

W0 N ORI =

The emphasis of the training is that a certain level of protection must be maintained
throughout the field work. Even though exposure may be minimal, it is emphasized that field
team members can develop synergistic symptoms and health effects by exposures at various sites
to different chemicals. The levels of protection used on any site will be dictated by the level

of risk and the known or anticipated exposure.
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3.4.2 Respirator Training
All personnel who enter an Exclusion Zone must have completed a respiratory protection:

program which, at a minimum, satisfies OSHA regulations (29 CFR 1910.134). This program

includes:
° Instruction in the proper use and limitations of respirators;
° Proper fitting of personnel for a respirator, using a qualitative or
quantitative fit test method; and
] Teaching personnel how to conduct a positive and/or negative fit

test.

Each employee will be fit tested with their individual respirator. During in-house safety -
training, employees are fit tested using isoamyl acetate (banana oil) and irritant smoke in
accordance with 29 CFR 1910.134(e)5(i) and EPA protocol as described in "Hazardous Material
Incident Response Operations Manual, Appendix ITI, Respirator Fit Testing". On-site fit testing
will consist of a qualitative fit test such as the negative pressure test or positive pressure test.
In conducting the negative pressure test, the employee will be told to close off the inlet of the
canister, cartridge(s), or filter(s) by covering them with their palms or by squeezing the
breathing tube so it doesn’t pass air. They will then be told to inhale gently so the face-piece
collapses slightly and then to hold their breath for ten seconds. If the face-piece remains slightly
collapsed and no inward leakage of air is detected, the fit is considered to be satisfactory.

In conducting the positive pressure test, the employees will be told to close off the
exhalation value and then to exhale gently into the face-piece. If a slight positive pressure can
be built up inside the face-piece without any outward leakage, the fit is considered to be
satisfactory. Because this test may require removal and replacement of the exhalation valve
cover which can disturb the respirator fit, it is a less preferred method than the negative pressure
test.

Field staff assigned to project work at the site shall be capable of using and inspecting
a cartridge respirator.  Each field staff shall have their own personal respirator. The
maintenance of that respirator shall be the responsibility of the individual. OSHA requires that
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respirators be inspected both before and after use and that respirators not used routinely shall
be inspected after use and at least monthly. At the time the respirator is issued and used, the
individual receiving it shall test the fit (qualitatively), and inspect the gaskets, exhalation valve,
face shield, head straps, and cartridges.

Individuals are responsible for cleaning/disinfecting their respirators. Acceptable
procedures include washing using respirator-approved detergent/disinfectant in warm water and

rinsing or air drying in a clean place.

Most members of TRC’s field investigation staff have received red Cross first aid and
CPR training. The TRC project manager and OSC will consider the need for personnel trained
in first aid and CPR when assembling and scheduling field investigation crews.

3.4.4 Site-Specific Training

Before field work starts at the site, the TRC Project Manager or his/her designee will
conduct an on-site training course for TRC and subcontractor personnel, and other people
involved with site investigations. No person will be allowed to work on-site unless they have
attended this or some other appropriate form of safety training. This training program will
include a review of this HASP, copies of which will be made available to all attendees and

which will be available at all times at a central command location. The major components of

the training will include:

1. Review of suspected chemical hazards, forms (vapor, gas etc.) and warning
properties.

2. Operatlonal Procedures
Site command control
- Perimeter control
- Zones of hazard
- Levels of protection
- Detection equipment
- Communications (radio and hand signals)
- Decontamination procedures

3-10



3. Emergency procedures
- First aid
- Emergency communications
- Local response groups and their phone numbers
- Evacuation procedures

Site rules and regulations that will be emphasized during the on-site training are:

1. No smoking, drinking, eating within restricted zones. A respirator is required to
be worn at all times within this zone unless organic vapor/gas levels are
determined to be within recommended safe limits based on OVA readings and do
not pose a health hazard to workers.

2. All resting, refreshment and sanitary lfacility use will be in clean areas.

3. Those in contact with contaminated soils, sludges or other suspect contaminated
materials must go through full decontamination upon egress from restricted areas.

4. The On-Scene Coordinator or his designee has full authority in terms of startup
and shutdown of operations from a safety standpoint. The OSC will determine
if upgrades of personal protective equipment is warranted and/or if weather
conditions are too extreme for work.

3.4.5 TRC’s Drug- and Alcohol-Free Workplace Policy

TRC has a continuing objective to provide the highest quality service to its clients and

to safeguard their employees. Therefore, TRC has established a policy to maintain a drug- and
alcohol-free workplace for the benefit of TRC employees, clients, business associates, and the
public. This policy is intended to be consistent with the Drug-Free Workplace Act of 1988 and
incorporates drug and alcohol testing for specific categories of employees. Further information

on TRC’s Drug- and Alcohol-Free Policy is available upon request.
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3.5 OPERATIONAL PROCEDURES

The purpose of the operational control measures presented in this section are to maintain
order at the site and to minimize chemical and physical hazards to on-site personnel, visitors,
and the public. As required by OSHA under 29 CFR 1910.120(d), the following site control

program has been developed prior to implementation of response actions.

3.5.1 Site Command and Control

A command post vehicle will be used to store safety and decontamination equipment used
during exploration activities at the landfill. This vehicle will serve as the command center.
Personnel traveling with this vehicle will be in radio contact with the TRC project manager.

An area near the command vehicle will serve as the command post and will be designated
a "clean area" where only Navy personnel, the TRC project manager, the Field Operations
Manager, and the On-Scene Coordinator will be allowed. All other people must have clearance
from the OSC or his designee before being allowed access to this area. Emergency response
telephone numbers, directions to the nearest hospital, and this Safety Plan will be available at

the command vehicle.

Security
Security within the Newport Naval Base is provided by a series of restricted access gates
which are manned by security personnel. However, access to the McAllister Point Landfill area

along Defense Highway is restricted by a chain-link fence and locked gate.

Site Documentation
Documentation and implementation of this Health and Safety Plan will be maintained
within TRC’s project files. The following information shall, at a minimum, be recorded:

° Signed copies of the HASP Approval Form provided at the front
of this document.

o Signed copies of the Personal Safety Acknowledgement Form for
personnel who engage in field work at the landfill.

3-12



Any completed accident Report Forms.

Copies of Health and Safety Training certificates and physician’s
acknowledgement of the fitness of employees to engage in normal
field work.

Additionally, copies of health and safety reference material, and records of environmental
monitoring equipment calibration and usage may be maintained in the project files. Further site

information will be recorded in daily logs of field activities maintained by TRC site personnel.

3.5.2 Site Communication

Internal and external communications systems will be established during field activities.
Internal communication refers to communication between workers at a job site. External
communication refers to communication between on and off-site personnel. TRC’s internal
communication system will consist of the use of portable walkie-talkies and/or telephones or the
use of emergency hand signals, when respiratory protection is used and personnel are within

visual contact. A general summary of an internal site communication system is outlined below.

Field Teams:
Portable FM walkie-talkies - one mile range
Telephone

Field Personnel:
Hand signals (see below)

EMERGENCY HAND SIGNALS

1. Hand gripping throat: Out of air, can’t breathe.
2. Grip partner’s wrist or
place both hands around waist: Leave area immediately, no debate.
3. Hands on top of head: Need assistance.
4. Thumbs Up: OK, I'm all right. I understand.
5. Thumbs Down: No, negative.
6. Clenched Fist - Hand Held Up STOP work, STOP equipment.
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3.6 WORK ZONES

One of the basic elements of an effective site control program is the delineation of work
zones as described in EPA’s Standard Operating Safety Guides, (pg 35). This delineation
specifies the type of operations that will occur in each zone, the degree of hazard at different
locations within the site, and the areas at the site that should be avoided by unauthorized or

unprotected employees. Specifically, the purpose of establishing work zones is to:

o Reduce the accidental spread of hazardous substances by workers
or equipment from the contaminated areas to the clean areas;

° Confine work activities to the appropriate areas, thereby
minimizing the likelihood of accidental exposure; and

o Facilitate the location and evacuation of personnel in case of an
emergency.
Although a site may be divided into as many zones as necessary to minimize an
employee’s exposure to hazardous substances, the three most commonly identified zones include
the support zone, the decontamination zone, and the exclusion zone. A description of each of

these zones and the factors to be considered when establishing them are provided below.

Support Zone

The support zones are considered "clean areas" and provide areas or locations where field
personnel can take breaks and store field investigation equipment. The support zones also
contain site safety and emergency supply equipment (e.g., first aid kits, eye wash units, HASP)
and field communication equipment (e.g., mobile phone, walkie talkie). The most important
criteria in selection of the support zone is that it lie within an area known to be "clean". The
size of the su;;port zone should be commensurate with the extent and type of field activities to
be undertaken on the site.

The support zones may consist of the on-site personnel vehicles and/or nearby off-site
areas, or a mobile field office trailer. The support zone at the McAllister Point Landfill will
consist of the area near a series of concrete foundations present adjacent to the gate entrance to

the landfill. Site command vehicles will be parked in this area.
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Decontamination Zone
* A contamination reduction, or decontamination Zone, will be established adjacent to
activity-specific exclusion zones. The decontamination zone will be established at the upwind
side of the exclusion zone and will consist of a taped off area adequate in size to comfortably
contain decontamination equipment. Personnel exiting the exclusion zone shall undergo
appropriate decontamination, if required by task-specific procedures described in Section 3.11.
A heavy equipment (e.g., drill rig, etc.) decontamination area will be established on-site south

of the site support zone, or at another appropriate location neat the site support zone.

Exclusion Zone

Given the relatively limited areas on-site which may be "free" of contamination, activity-
specific exclusion zones will generally be established at each boring location/work area at the
landfill. During subsurface explorations (e.g., soil borings), the OSC or alternate will establish
a 25-foot exclusion zone around the operating equipment (e.g., drill rig) as allowed by area or
access constraints. The exclusion zone will be demarcated with caution tapé or barricades.

The OSC or alternate will be responsible for keeping nonessential personnel outside the
exclusion zone boundaries. In the event that visitors or unauthorized personnel are present
during field activities, the OSC or alternate shall verbally request that they maintain a safe
distance outside of the area marked by the caution tape and safety cones. Prior to entering the
exclusion zone, site personnel shall have donned the proper personnel protective equipment

(PPE) for expected site conditions, or as determined by the OSC or altemate.

3.7 SAFETY PROCEDURES

This section describes general safe work practices. The OSC shall assure that standard
operating procedures are adhered to, as listed in the EPA Manual "Standard Operating Safety
Guides", (EPA, 1992) and the OSHA manual "Occupational Safety and Health Guidance Manual
for Hazardous Waste Site Activities" (OSHA, 1985). '

3-15

TRC



The following general safety rules will be in effect for potentially hazardous site

exploration activities:

L Eating, drinking or smoking will not be allowed in the exclusion
or decontamination reduction zone.

® Evidence of unusual site conditions, or previously undetected
contaminant source areas (e.g. drums, tanks, etc.) should be
immediately reported to the OSC and should not be approached
until further information is gathered regarding contents, past use,
etc.

° Personal protective equipment specified by this plan shall be worn
at all times.

o Personnel entering a site or contaminated area must have the
permission of the OSC.

o Report all accidents, injuries, or possible exposures to the OSC
immediately.

L Maintain close contact with other site personnel. If PPE is used
at the site, check other site workers’ PPE periodically to see if it
is working adequately.

The OSC will report any chemical release and/or exposures to the TRC Project Manager
and Navy representative, if available. Site operations will be conducted in accordance with the
general guidelines and procedures outlined in the following publications, which will be available

in the site command vehicle on-site:

] Pocket Guide to Chemical Hazards & the 1992-1993 ACGIH
Threshold Limit Values for Chemical Substances and Physical
Agents and Biological Exposure Indices - The OSC will utilize
information in these publications to establish or modify the
necessary levels of personal protection needed on-site. These
guides list exposure limits for various chemical compounds, the
appropriate protective equipment, and the health hazards associated
with accidental exposure.
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° The Occupational Safety and Health Guidance Manual for
Hazardous Waste Site Activities - This publication provides
guidance for preparing site-specific health and safety plans. The
publication includes information on planning and organization of
site operations, incorporating the health and safety plan into the
overall hazardous waste operations plan, appropriate training
topics, and techniques for characterizing site hazards.

Heavy Equipment

The following guidelines will be applicable to work involving material handling and

heavy equipment.

. Pay attention.

° Use common sense.

o Hard hats shall be worn on-site at all times.

° When noise makes verbal communication difficult, hand signals

should be used. One person shall be responsible for hand signals
given to heavy equipment operators.

] When lifting heavy objects, use the legs, not the back.
° Use appropriate equipment to move heavy objects.

° Only qualified operators shall operate heavy equipment.
o Maintain visual contact at all times.

o Be aware of footing at all times.

° Never walk in the vicinity of heavy equipment without the operator
being aware of your presence.

o Be aware of all nearby underground and overhead power, gas, or
other utility lines when heavy equipment is used on-site.
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3.8 GENERAL HAZARDS

In general, hazards which may be encountered on-site may be classified into three general
categories: chemical, physical, and natural. Chemical hazards are area specific and involve
potential exposure to chemical contaminants in soil, water, and volatilized components in air.
Physical hazards are generally occupationally specific and involve some type of accident.
Natural hazards are created by natural environmental circumstances such as weather, poisonous

plants, poisonous animals, insect bites, etc.

3.8.1 Physical Hazards
Primary physical hazards which may be encountered at the landfill are those associated

with tasks which involve drilling and/or excavation activities. Hazards that could be encountered
during subsurface explorations include falls and trips, injury from lifting heavy objects, falling
objects, eye injuries, head injuries, and pinched or crushed hands and feet. Electrical hazards

may also be present due to both overhead and buried electrical supply lines.

3.8.2 Natural Hazards

Natural hazards such as weather, poisonous plants, animals, and insects cannot always
be avoided. Based on available information and site conditions, the site safety officer and field
personnel shall use their best judgement to avoid these potential hazards.

Natural hazards include exposure to poisonous plants such as poison ivy and insects such
as ticks. TRC personnel will be trained to identify poison ivy and insect repellant will be
available in the on-site first aid kits. Special care must be taken to frequently inspect clothing
and areas of exposed skin for deer ticks. Deer ticks are minute parasites which are
approximately tﬁe size of a pin head. These parasites are known to carry Lyme disease, which
left untreated, can cause severe respiratory problems, arthritis, and neuromuscular disorders.
The OSC will instruct site personnel on deer tick identification and the syrﬁptoms of Lyme
disease. Insect repellant application, in addition to inspection will be encouraged by the OSC

or designee.
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Natural hazards also include exposure to adverse weather conditions including heat and
cold stress. As indicated in EPA’s Standard Operating Safety Guidelines (pg. 93), temperature
extremes pose a hazard of particular concern to the health, safety, and comfort of personnel
involved in hazardous waste site activities. Site health and safety personnel must consider the
two most common dangers, heat stress and cold exposure, when making decisions regarding PPE
selection and work mission duration, when establishing standard operating procedures for site
activities, and when conducting medical monitoring. Both heat and cold stress are discussed

below.

Heat Stress

Heat stress is a potential hazard that will be considered throughout the duration of
environmental field activities on-site. Heat stress is magnified by wearing semipermeable and
impermeable encapsulating ensembles. Therefore, whenever possible, Level D protection will
be maintained, unless air monitoring instruments detect contamination above established
background levels or a higher level of protection is warranted by site conditions or specified by
the OSC. In addition, if high heat and humidity conditions persist, work activities will be
rescheduled to take advantage of the cooler hours of the day. Because heat stress i§ one of the
most common, if not the most serious illnesses at hazardous waste sites, the OSC or his/her
designee will institute a monitoring program if the ambient temperature rises above 80°F, and
employees are working in Level C protection. The monitoring program may include; heart rate
measurement and oral temperature measurements. If heat stress may be a factor due to ambient
temperature and humidity, then it is reccommended that both methods be used. Also, these tests
should be performed in the moming prior to any work to establish a background level. Heart

rate monitoring may be conducted as follows:

o Count the pulse rate for the last 30 seconds of the first minute of a three minute
period, the last 30 seconds of the second minute, and the last 30 seconds of the
third minute.

o Double each count to obtain a equivalent one minute rate.
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If the first rate is less than 100 beats/minute and the secondy two readings are at least 10
beats/minute less than the previous reading then established rest periods should be considered
adequate. Otherwise, the rest periods should be extended.

Another method of measuring the effectiveness of the rest periods is to take oral
temperatures. If body temperature exceeds 100°F, then the rest periods should be extended.
Initially, the frequency of physiological monitoring will depend on the air temperature adjusted
for solar radiation and the level of physical work being performed (see ACGIH TLV Guide
1992/3). Level D workers may also be monitored, and work/rest periods strictly adhered to.
It should be noted that excessive heat and/or humidity conditions may warrant a work shut-down
if the OSC or his/her designee deems that the site temperature conditions are higher than the
permissible heat exposure threshold limit value. ,

To prevent heat fatigue, TRC personnel will be encouraged to maintain an optimal level
of physical fitness, and to maintajn‘body fluids at normal levels. To maintain proper
cardiovascular function, daily fluid intake must approximately equal the amount of water lost
by perspiration and elimination. Generally, the normal thirst mechanism is not sensitive enough
to ensure that enough fluid is taken in to replace fluid lost by perspiration. Therefore, TRC
workers will be encouraged to drink at least 16 oz. of water before beginning work on hot days.
Water or fluids containing essential electrolytes will be readily available to all workers. TRC
employees will be urged to drink a cup or two every 15 to 20 minutes or a each monitoring
break during periods of heavy physical activity. A total of 1 to 1.6 gallons of fluid per day is
recommended, however more may be necessary depending upon individual weight fluctuations
and metabolism. TRC will also provide shelter or shaded areas to protect personnel during rest
periods.

When protective clothing must be worn, the suggested guidelines are as follows:

Active Work Time (min/hr)

Ambient Temperature (°F) Level A, B, or C Clothing
75 or less 50
80 40
85 30
90 20
95 10
100 0
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There are three classes or types of heat stress: heat exhaustion, heat cramps, and heat

stroke. Symptoms and treatment techniques for each of these types of heat stress are described

below.

Heat Exhaustion

The symptoms of heat exhaustion are:

General weakness

Excessive perspiration
Dizziness

Appearance of having fainted
Pale and clammy skin

Weak pulse

Rapid and shallow breathing

To treat for heat exhaustion, place the individual in a cool place and remove as much
clothing as possible. The individual should drink cool water, "Gatorade" or other similar liquid.
The individual should be fanned, however, do not over-cool or allow chilling. Treat the

individual for shock and remove to medical facility if condition persists.

Heat Cramps

The symptoms of heat cramps are as follows:

® Pain and cramps in legs or abdomen
® Faintness

® Profuse perspiration

Treatment is similar to that described for heat exhaustion, except that liquids are not

given as they may aggravate the condition.
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Heat Stroke

The symptoms of heat stroke are:

Muscle twitching or convulsions

Dry hot skin

Flushed skin

Suddenness of condition

High body temperature

Loss of consciousness

Deep breathing, then shallow or absent
Dilated pupils

Heat stroke is a serious condition and the individual should be transported to a medical
facility as soon as possible. In the interim steps may be taken to reduce the severity of the
condition. The individual should be removed to a cool environment and the body temperature
should be reduced promptly by dousing the body with water or by wrapping in a wet sheet. If
ice is available, it should be placed under arms and around neck and ankles. "Gatorade" or

other liquid containing electrolytes should be provided.

Cold Exposure

Cold exposure may result in a lowering of the body temperature due to job-site
conditions. Cold exposure and subsequent stress may take the form of hypothermia or frost bite.

'Iihe single most important aspect of life-threatening hypothermia (cold stress) is a drop
in the deep core temperature of the body. Workers should be protected from exposure to cold
so that the deep core temperature does not fall below 360C (96.80F). Hypothermia may result
in reduced mental alertness, reduction in rational decision making, or loss of consciousness with
the threat of fatal consequences.

Pﬁn in the extremities may be the first early waming of danger of frost-bite or cold
stress.  During exposﬁre to cold, maximum severe shivering develops when the body
temperature has fallen to 350C (95°F). This must be taken as a sign of danger to the workers
and exposure to cold should be immediately terminated for workers when severe shivering

becomes evident.
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Since prolonged exposure to cold air, or to immersion in cold water, at temperatures well
above freezing can lead to hypothermia, whole body protection must be provided. Adequate
insulating clothing to maintain core temperatures above 360C must be provided to workers if
work is performed in air temperatures below 40C (40°F). In addition, it should be kept in mind
that, the higher the wind speed and the lower the temperature in the work area, the greater the
insulation value of the protective clothing required. |

Special protection of the hands is required to maintain manual dexterity for the prevention
of accidents. The following parameters are extracted from the American Conference of
Governmental Hygienists (ACGIH) Threshold Limit Values Booklet for 1992-93:

1. If fine work is to be performed with bare hands for more than 10-20 minutes in an
environment below 160C (60°F), special provisions should be established for keeping the
workers’ hands warm. For this purpose, warm air jets, radiant heaters, or contact warm
plates may be utilized. Metal handles of tools and control bars should be covered by
thermal insulating material at temperatures below -1°C (30°F).

2. If the air temperature falls below 16°C (60°F) for sedentary, 4cC (40°F) for light, -70C
(20°F) for moderate work and fine manual dexterity is not required, then gloves must
be used by the workers. To prevent contact frostbite, the workers should wear gloves.

Provisions for additional body protection is required if work is performed in an
environment at or below 40C (40°F). The workers shall wear cold protective clothing

appropriate for the level of cold and physical activity to be undertaken:

1. If the air velocity at the job sites is increased by wind, draft, or artificial ventilating
equipment, the cooling effect of the wind shall be reduced by shielding the work area,
or by wearing an easily removable outer windbreak layer garment.

2. If only light work is involved and if the clothing on the worker may become wet on the
job site, the outerlayer of the clothing should be of a type impermeable to water. With
more severe work under such conditions, the outer layer should be water repellent and
the outerwear should be changed as it becomes wetted. The safety coordinator should
assure that adequate replacement garments are available for use by TRC employees.

3. If available clothing does not provide adequate protection to prevent hypothermia or
frostbite, the safety coordinator may suspend work on the site until adequate clothing is
available or until weather conditions improve.
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4. Workers handling evaporative liquids (gasoline, alcohols, solvents, etc.) at air
temperatures below 4°C (40°F) shall take special precautions to avoid soaking of
clothing or gloves with the liquids because of the added danger of cold injury due to
evaporative cooling.

TRC will provide its employees with cold weather outer clothing (e.g. coveralls, etc.)
as necessary. However, individuals are encouraged to supplement this clothing for additional

cold protection at their discretion.

3.8.3 Site Specific Chemical Hazards
Historical information indicates that the McAllister point Landfill was used for the

disposal of wastes, including spent acids, paints, solvents, oils, and PCB-contaminated oils. The
findings of the Phase I RI indicate the presence of elevated concentrations of volatile organic
compounds (VOCs), polynuclear aromatic hydrocarbons (PNAs), and metals in site soils. The
highest levels of VOCs, PNAs, and metals were generally detected in the central and southern
portion of the site.

Fill is present across the site at depths ranging from approximately three feet at the site
periphery to 24 feet in the central portion of the landfill. The fill material encountered during
Phase I explorations consisted of an assortment of what appeared to be municipal and industrial
waste (e.g., plastic, wood, paper, garbage, construction debris, paints, ash). Elevated levels of
VOCs and metals were detected in site ground water. PCBs were also detected within a well
(MW-58) at the southern portion of the landfill where free pfoduct (oil) was observed. Previous
investigations also showed levels of metals, petroleum hydrocarbons, and PCBs in adjacent bay
sediments; and elevated concentrations of metals in adjacent bay mussels. A list of the Phase
I identified contaminants of concern are provided on Table 2.

The potential for exposure to site contaminants could result from inhalation, ingestion,
or direct contact (skin absorption) with soils or waters contaminated with VOCs, PNAs or

metals.
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3.8.4 Hazard Communications Plan

The site hazard communications plan is intended to augment the site communications
procedures described in Section 3.5.1. The hazard communications plan consists of a series of
periodic meetings and/or briefings to update site personnel on the most current information on
site conditions, levels of PPE to be used, and other factors necessary to achieve project

objectives and protect the safety and health of site workers.

Health and Safety Site Orientation
All site investigation personnel shall be required to read this HASP and attend the Health

and Safety Site Orientation meeting. Documentation of attendees will be maintained as part of
project records. The HASP will accompany field personnel to the site and shall be maintained
at a location known to each individual working on-site.

The Project Manager or OSC will conduct a health and safety site orientation prior to the
initiation of field activities. The orientation will cover all aspects of this HASP. Particular
emphasis will be placed on a review of potential site contaminants and their potential health
effects; accident prevention; safe work procedures; precautionary measures; use of personnel

protective equipment; and emergency response procedures. Field staff are required to attend.

Health and Safety Briefings
The OSC or alternate will conduct a Health and Safety Briefing on a routine basis.

Topics to be covered include personnel protective equipment, personnel and equipment
decontamination procedures, accident prevention, and any modifications or amendments to the
Health and Safety Plan. Field staff are required to attend. A Safety Meeting Summary Form

"documenting personnel attending each meeting will be maintained in project files.
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3.9 LEVELS OF PERSONAL PROTECTIVE EQUIPMENT

- Given the nature of work activities at contaminated sites, the use of personal protective
equipment (PPE) is intended to shield employees from exposure to hazardous ahd/or toxic
substances. The two basic objectives of a PPE selection program are to protect the wearer from
safety and health hazards, and to prevent injury to the wearer from incorrect use and/or
malfunction of the PPE. Since different levels of protective gear are needed at individual sites,
EPA has established four basic levels of protection; Level A, B, C, and D. The following
description of PPE protective levels was extracted from EPA’s Standard Operating Safet
Guides, 1992.

Level A
Level A protection is required when the greatest potential for exposure to site hazards
exists, and when the greatest level of skin, respiratory and eye protection is required. Meeting

any of the following criteria warrants use of level A protection:

o Hazardous substances have been identified and require the highest
level of protection for skin, eyes, and the respiratory system;

° The atmosphere contains less than 19.5 percent oxygen;

o Site operations involve a high potential for splash, immersion, or
exposure to unexpected materials that are harmful to the skin;

L Operations are being conducted in confined, poorly ventilated, and
the absence of hazardous substances has not yet been determined,;
or

° Direct-reading instruments indicate high levels of unidentified

vapors or gases in the air.
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In addition it may be necessary to base the decision to use level A PPE based on indirect

evidence. Other conditions that may indicate the need for Level A protection include:

® Confined spaces;

® Suspected or known highly toxic substances, especially when field
equipment is not available to test site concentrations; and

° Visible indicators such as leaking containers or smoking chemical
fires.

The use of level A PPE equipment is not anticipated for design-phase field exploration
activities at the McAllister Point landfill.

Level B
Level B protection is required under circumstances requiring the highest level of
respiratory protection, with a lesser level of skin protection. If any of the following criteria are

met, the use of Level B protection may be warranted:

o The type and atmospheric concentration of substances have been
identified and require a high level of respiratory protection, but
less skin protection than needed for Level A;

° The atmosphere contains less than 19.5 percent oxygen; or
o The presence of incompletely identified vapors and gases is

indicated but they are not suspected of being harmful to the skin.

The use of Level B protection does not afford as great a level of protection to the skin
and eyes as Level A, but it does provide a high level of respiratory protection. At most outdoor
sites, ambient vapor or gas levels are not typically high enough to warrant Level A protection.

Level B protection is often adequate.
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Although not anticipated to be used on-site, Level B protective equipment generally

includes the following:

Hard Hat

Chemically-resistant steel-toe and shank boots

Disposable Tyvek coveralls with hood (coated for aqueous sampling)
Inner and outer gloves (vinyl and neoprene, respectively)

Positive pressure type self-contained breathing apparatus

Level C

Level C protection is required when the concentration and type of airborne substances

is known, and the criteria for using air purifying respirators is met. Meeting any of the

following criteria warrants use of Level C protection:

The atmospheric contaminants, liquid splashes or other direct
contact will not adversely affect or be absorbed by the skin;

The types of air contaminants have been identified, concentrations
do not exceed IDLH levels, and an air-purifying respirator is
available that can remove the contaminants; and

Oxygen concentrations are not less than 19.5 % by volume, and job
functions do not require SCBA.

Level C protection is distinguished from Level B by the equipment used to protect the

respiratory system, assuming the same type of chemical-resistant clothing is used. The main

selection criteria for Level C is that atmospheric concentrations and other selection criteria

permit wearing an air-purifying respirator.

In general, Level C protective equipment which will be used at the site includes the

following:

Hard Hat

Chemically-resistant steel-toe and shank boots

Disposable Tyvek coveralls with hood (coated for aqueous sampling)

Inner and outer gloves (vinyl and neoprene, respectively)

Full-face respirator with organic vapor cartridges and dust mist, and fume pre-filter.
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Level D
Level D is the minimum protection required. This level of protection is sufficient under

the following conditions:

° No contaminants are present, or they are present at concentrations
below 8-hour TLV levels; or

o Work operations preclude the potential for splashes, immersion, or
the inhalation of hazardous or toxic substances.

In general, Level D protective equipment which will be used at the site includes the
following:

Hard Hat

Chemically-resistant steel-toe and shank boots

Disposable Tyvek coveralls with hood (coated for aqueous sampling)
Inner and outer gloves

Safety Goggles or splash-shield (only for aqueous sampling).

Specific work activities and initial levels of protection are discussed in Section 3.11.

3.10 MONITORING REQUIREMENTS

A specifically designated person will be assigned the task of continuously monitoring for
organic vapor emissions during subsurface exploration activities. This person will use a flame
or photo-ionization detection (FID or PID) device such as an HNU or the Century OVA, and
LEL/O, meters (or equivalent) simultaneously for measuring potentially hazardous atmospheres.
The OVA, a flame ionization detection (FID) device, will be calibrated to hydrocarbon free air
and a known hydrocarbon once per day according to the procedures in TRC Technical Standards
T/S-990, Operation and Calibration of the Century Organic Vapor Analyzer Model OVA-128.
The LEL Meter will be calibrated once per day using Pentane (0.75% by volume in air)
according to TRC T/S-991. Operation and Calibration of the MSA Model 260 Combustible Gas
and Oxygen Alarm Meter. Both meters will provide real time readings, and a log will be kept

of these readings throughout the course of the environmental investigations.
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If airborne concentrations of flammable vapors exceed 10% of the lower explosive limit
(LEL) at the point of subsurface explorations no ignition sources will be permitted in the area.
Operations will be suspended, and corrective action taken (backfilling of the hole) if the airborne
flammable concentration reaches 25% of the LEL at a distance of one foot from the point of

drilling or 10% of the LEL at a distance of greater than two feet.

3.10.1 Action Levels

The OSC shall use air monitoring equipment identified above (or equivalent) to monitor
organic vapors in the breathing zone at the upwind boundary of the Exclusion Zone at the
beginning of each day, to establish a daily background reading.

The federal regulation 20 CFR Part 1910.120 (h)(2-3) indicates air monitoring is required
upon initial entry of the exclusion zone, and periodic monitoring shall be conducted when the
possibility of an immediately dangerous to life and health (IDLH) condition exists or when there
is an indication that exposures may have risen over permissible or published limits since prior
monitoring. The air monitoring program which will be established at individual work areas on-
site is intended to be consistent with these requirements.

The following general action levels are based on PID/FID breathing zone readings:

° 0 to 5 units above background: Level D

o 5 to 25 units above background for longer than one minute: Level C

° 25 units or greater for longer than one minute: discontinue operations. Make
arrangements to continue work in Level B protective equipment or use Level B
to retrieve/demobilize equipment.

The OSC may also make the decision to upgrade the PPE requirements, even if positive
PID/FID readings are not noted. This decision will be based on site conditions including visual

or sensory observation of soil or ground water contamination, or other site hazards.
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3.11 ACTIVITY SPECIFIC HEALTH AND SAFETY PROCEDURES

Activity-specific health and safety procedures are outlined in this section for two remedial
design site activities; general site procedures, and subsurface explorations. A list of pre-design
activities, suspected health risks and initial and backup PPE levels are provided on Table 3.

Modifications may be made to this HASP as site conditions vary, either naturally or
through the activities of the remedial investigation team. The plan may also need to be modified
as more detailed information about the site and its potential hazards becomes available. These
changes will be initiated by the OSC or Project Manager and will be reviewed and approved by
the Site Safety Director or his designee. Any modifications will be clearly marked on the on-site
copy of the HASP and explained to field personnel.

3.11.1 General Site Activities

Chemical and Physical Hazards

Site-specific activities which do not involve subsurface explorations (e.g. site
reconnaissances, land surveys, etc.) could result in the exposure of workers to contaminated
surface soils or vapors. Such an occurrence can lead to worker exposure via inhalation or
permeation through the skin (skin absorption). However, in general, non-invasive activities do
not require direct contact with site soils and/or waters, and therefore exposures are anticipated

to be minimal.

Monitoring

The OSC shall use a photoionization detector (PID) or flame ionization detector (FID)
to monitor organic vapors in the breathing zone at the upwind boundary of the Exclusion Zone
at the beginning of each day, to establish a daily background reading.

The federal regulation 20 CFR Part 1910.120 (h)(2-3) indicates air monitoring is required
upon initial entry, and periodic monitoring shall be conducted when the possibility of an
immediately dangerous to life and health (IDLH) condition exists or when there is an indication
that exposures may have risen over permissible or published limits since prior monitoring. The
air monitoring program conducted for general site activities is intended to be consistent with

these requirements.
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Action Levels

Field work for general site activities will be initiated in Level D personnel protective gear
for those areas which background surface soil data indicates a low potential worker risk under
normal conditions. Based on the PID/FID readings in the breathing zone, or site conditions, the
OSC shall upgrade or downgrade PPE requirements as described below.

The following action levels are based on breathing zone readings:

o 0 to 5 units above background: Level D
o 5 to 25 units above background: Level C

o 25 units or greater: discontinue operations. Make arrangements to continue work
in Level B protective equipment or use Level B to retrieve/demobilize equipment.

The OSC may also make the decision to upgrade the PPE requirements, even if positive
PID/FID readings are not observed. This decision will be based on site conditions including

visual or sensory observation of soil or ground water contamination, or other site hazards.

Personnel Protective Equipment (PPE)

This section contains specific provisions for the use of Personnel Protective Equipment
(PPE). It shall be the responsibility of the OSC to make the determination of the level of PPE
to be used by personnel within the Exclusion Zone. The decision of the OSC will be based on
previous environmental data and knowledge of the landfill, site monitoring, action levels, and
observed site conditions. Changes affecting the level of PPE defined in the HASP will be at the
direction and approval of the Project Manager and/or Director of Health and Safety, except in
the case of an emergency during which time it will be the responsibility of the On-Site

Coordinator to modify PPE levels.
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Level D protection shall be used at the start of most field work. Level D protection shall
include use of the following items:

work clothes;

hard hat;

work boots; and

chemical protective gloves when collecting soil and water samples (solvex/nitrile).
inner glove liners (latex/vinyl)

Level D protection may also include the use of a polycarbonate faceshield, attached to
the hard hat, in the event that potential splash conditions are present. Use of the splashguard
shall be at the discretion of the OSC.

An upgrade to Level C may be necessary if the concentration of VOCs detected in the
breathing zone of the workers exceeds the action level of 5 PID/FID units, or if warranted by
other site conditions. Level C protection will include all of the PPE required for Modified Level
D plus appropriate respiratory protection. The specific respirator to be used for Level C
protection shall be a NIOSH-approved respirator with compatible cartridges. Respirator
cartridges will be changed at the first sign of break through, or daily at a minimum, when in

use.

Decontamination

Upon leaving the Exclusion Zone, personnel must undergo appropriate decontamination.
The nature of the decontamination requirements will depend on the nature of the work conducted
and whether immediate re-entry into the Exclusion Zone is planned, or if complete egress from
the Exclusion Zone is intended. -

The personnel decontamination requirements will also depend on the level of protection
used within the Exclusion Zone and the suspected degree of contamination. This area will be
located immediately outside the access opening of the Exclusion Zone on its apparent upwind
side. This area shall contain the decontamination stations necessary to allow rest breaks and
respirator cartridge changes (if appropriate), as well as for complete decontamination as required
for food and beverage breaks, or exiting the work area. Periodic air monitoring will be

conducted in the contamination reduction zone (decontamination area) when this area is used.
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Equipment decontamination will occur within the decontamination or contamination
reduction zone at each area. The following list outlines procedures to be employed for personnel

and equipment decontamination.

Level D - Personnel Decontamination Procedures - 9 Station
Level D - Station 1: Segregated Equipment Drop

Deposit equipment used on-site (tools, sampling devices and containers,
monitoring instruments, radios, clipboards, etc.) on plastic drop cloths or in
different containers with plastic liners. Segregation at the drop station reduces
the probability of cross-contamination. During hot weather operations, cool down
stations may be set-up within this area.

Level D - Station 2;: OQOuter Glove Removal

Remove outer gloves and deposit in a container with a plastic liner.

Level D - Station 3: Tyvek Removal:

With assistance of a helper, if needed, remove Tyvek coveralls. Deposit in a
container with a plastic liner.

Level D - Station 4: Inner Glove Wash:

Wash inner gloves with a decon solution.

Level D - Station 5: Inner Glove Rinse:

Rinse inner gloves with water.

Level D - Station 6: Inner Glove Removal:

Remove inner gloves and deposit in a container with a plastic liner.
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Level D - Station 7: Inner Clothing Removal (as needed):
Remove clothing soaked with perspiration and place in a plastic-lined container.
Level D - Station 8: Field Wash (as needed):
Shower if highly toxic, skin corrosive or skin absorbable materials are known or
suspected to be present. Wash hands and face, don’t forget to wash behind your
ears.

Level D - Station 9: Re-Dress (as necessary):

Put on clean clothes.

Level C - Personnel Decontamination Procedures - 16 Station

Level C - Station 1: Segregated Equipment Drop
Deposit equipment used on-site (tools, sampling devices and containers,
monitoring instruments, radios, clipboards, etc.) on plastic drop cloths or in
different containers with plastic liners. Segregation at the drop station reduces

the probability of cross-contamination. During hot weather operations, cool down
stations may be set-up within this area.

Level C - Station 2: Boot/Boot Cover and Glove Wash

Scrub outer boot covers and gloves with decon solution or detergent water.

Level C - Station 3: Boot/Boot Cover and Glove Rinse:

Rinse off decon solution from Station 2 with clean water.
Level C - Station 4: Tape Removal:

With assistance of a helper, if needed, remove tape from around boots and gloves
and deposit in a container with a plastic liner.
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Level C - Station 5;: Boot Cover Removal:

Remove boot covers and deposit in a plastic lined container.

Level C - Station 6: OQOuter Glove Removal:

Remove outer gloves and deposit in a container with a plastic liner.

Level C - Station 7: Canister or Mask Change:
If worker leaves exclusion zone to change canister (or mask), this is the last step

in the decontamination procedure. Workers canister is exchanged, new outer
gloves and boot covers donned, and joints taped. Worker returns to duty.

A

Level C - Station 8: Safety Boot Removal:

Remove safety boots and place in area with plastic liner.

Level C - Station 9: Tyvek removal:

Remove equipment which would hinder Tyvek removal (i.e. SCBA air tanks, re-
breather packs, etc.). With the assistance of a helper if needed, remove Tyvek.
Deposit in a container with plastic liner.

Level C - Station 10: Inner Glove Wash:

Wash inner gloves with decon solution.

Level C - Station 11; Inner Glove Rinse:

Rinse inner gloves with water.
Level C - Station 12: Respirator Removal:

Remove respirator. Deposit in a container with a plastic liner. Avoid touching
face with fingers.
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Level C - Station 13: Inner Glove Removal:

Remove inner gloves and deposit in a container with a plastic liner.

Level C - Station 14: Inner Clothing Removal (as needed):

Remove clothing soaked with perspiration and place in a lined container.

Level C - Station 15: Field Wash (as needed):

Shower if highly toxic, skin corrosive or skin absorbable materials are known or
suspected to be present. Wash hands and face.

Level C - Station 16: Re-Dress (as necessary):

Put on clean clothes.

The personnel decontamination procedures for Level B protection are the same as for
Level C except Station 7 (where the word air tank is exchanged for canister) and Station 12
(where the word respirator is changed to a self contained breathing apparatus (SCBA)).

3.11.2 Subsurface Exploration Activities
This section describes the health and safety considerations for subsurface exploration

activities. Such activities would include site borings and vapor probe installations.

Chemical and Physical Hazards

Subsurface exploration activities may result in the exposure of workers to potentially con-
taminated soils and ground water, washwater from decontamination of heavy equipment, and
vapors released from contaminated site media. Such an occurrence can lead to worker exposure

via inhalation, ingestion, and permeation through the skin (skin absorption).
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Monitoring
The OSC shall use a PID or FID to:

° Monitor organic vapors in the breathing zone at the upwind boundary of the

Exclusion Zone at the beginning of each day, to establish a daily background
reading.

° Monitor organic vapors in the worker’s breathing zone during active subsurface
explorations.

° Monitor the workers breathing zone at fifteen-minute intervals or continuously

during active subsurface explorations, if elevated levels of organic vapors are
detected.

Other monitoring equipment will include an combustible gas/oxygen meter to monitor the

ambient air and downhole or pit vapors to monitor for explosive vapors and oxygen content.

Action Levels

Unless otherwise determined by the OSC, Modified Level D protection shall be used at
the start of subsurface exploration tasks. Based on positive PID/FID readings in the breathing
zone or site conditions, the OSC shall upgrade Personnel Protective Equipment (PPE)
requirements, as appropriate.

Action levels to be used for subsurface exploration activities are outlined in Section

3.11.1. Additional action levels for the combustible gas/oxygen meter are as follows:

A. If airborne concentrations of flammable vapors exceed 10 percent
of the lower explosive limit (LEL), no ignition sources will be
permitted in the area.

B. If ambient conditions exceed 25 percent of the LEL at a distance
of one foot from the source, or ten percent at a distance of two
feet or greater, then site operations will be halted and appropriate
corrective actions (upgrade of PPE, use of blowers or other
response equipment or abandonment of the exploration) will be
taken.
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Personnel Protective Equipment (PPE)

Based on site conditions and action levels described above, the OSC shall upgrade or
downgrade personnel protective requirements commensurate with site hazards. The OSC may
also make the decision to upgrade the PPE requirements, even if positive PID requirements are
not noted. This decision will be based on site conditions including visual or sensory
observations of potential contamination.

During subsurface exploration activities and well installation activities, an upgrade to
Modified Level D protection may be required. Necessary equipment for Modified Level D
protection will include that of Level D plus the additional PPE listed below:

] chemically resistant boots, PVC/rubber overboots, or disposable boot covers;
L Tyvek or equivalent jump suit (with ankles and wrists duct taped);

° chemically protective outer gloves (solvex/nitrile); and

° inner glove liners (latex/vinyl).

If odorous soils are detected during subsurface explorations the following procedures will

be employed:
° if PID or FID readings of auger spoils are consistently above 5 PID units, the air
monitoring frequency will be increased; and,
® a change, if necessary, to the appropriate PPE will occur.

Exclusion Zone

In recognition of the increased risk of physical injury and exposure to chemical
contaminants during subsurface investigation activities, an exclusion zone of a minimum of
approximately 25 feet shall be established around exploration equipment (i.e., drill rig,
backhoe). Nonessential personnel shall be prohibited from entering the exclusion zone. All
personnel entering the exclusion zone will be required to wear appropriate personnel protective

equipment.
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Decontamination

A separate area will be designated for the decontamination of heavy equipment. A steam
generator will be used to clean the under-carriage, wheels, track, and drill derrick between
borings, as necessary. A shallow pit will be dug and lined with two 10 to 12 mil thick, nylon
reinforced polyethylene plastic tarps where the vehicles will be parked during decontamination
operations.

To minimize spreading potentially contaminated soil, a gross decontamination of the
downhole tools and rig will take place at the individual sites prior to transporting them to the
decon area. This will involve on-site removal of loose soil from the tools and rig, and
containerizing tools in the back of a truck (e.g. wrap in plastic) while transporting them to the
decon pit.

An attempt will be made to coordinate an exploration sequence hierarchy from less likely
to more likely contaminated locations to reduce the potential for cross-contamination between
locations. Decontamination rinsates will be collected and contained in drums for subsequent
determination of proper handling and/or disposal as described in the Investigation-Derived Waste

Plan provided as Appendix B. '

3.12 EMERGENCY INFORMATION

Prior to commencing site operations, the TRC OSC will review and communicate general
emergency preparedness and planning procedures to on-site personnel. Such procedures will
include a discussion of evacuation and rescue plans/routes, emergency assistance, and the
location of site cor'nmunication and emergency (e.g. first aid) equipment.

The Newport Hospital is the closest medical facility other than the emergency services
available through the NETC Fire/Ambulance Department. A map indicating the location and
likely quickest route to this center is provided as Figure 8.
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3.12.1 Emergency Response Plan
All hazardous waste site activities present a degree of risk to on-site personnel. During

routine operations, risk is minimized by establishing good work practices, staying alert, and

using proper personnel protective equipment. Unpredictable events such as physical injury,

chemical exposure, or fire may occur and must be anticipated.

Emergency conditions are considered to exist if:

Any member of the field crew is involved in an accident or
experiences any adverse effects or symptoms of exposure while on-
site; or

A condition is discovered that suggests the existence of a situation
more hazardous than anticipated.

Prior to conducting field work, the TRC Project Manager and OSC will implement the

following general emergency/safety procedures. The implementation will consist of including

the following considerations in project planning, as well as site-specific briefing sessions for

field team members.

In the event of an emergency, the TRC and NETC emergency
contacts identified in Table 4 shall be notified. A list containing
emergency service phone numbers and a route map to the closest
medical facility will be posted conspicuously and will be readily
available at the site.

Personnel on-site should use the "buddy"system (e.g. work in
pairs). Buddies should prearrange hand signals or other means of
emergency signals for communication in case of lack of, or trouble
with, site communication equipment.

Visual contact should be maintained between personnel on-site.
Field teams will remain in close proximity to assist each other in
case of emergencies.

TRC field crews will use FM radios to maintain routine
communication and for emergencies.
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o In the event that a member of the field crew experiences adverse
effects or symptoms of exposure while on the scene, the entire
field crew should immediately halt work and act according to the
instructions of the OSC.

° The discovery of any condition that would suggest the existence of
a situation, or task, more hazardous than anticipated should result
in a cessation of work activities at the site. The situation or task
may then be re-evaluated and the level of personnel protection
modified, if necessary, prior to resuming work.

] In the event that an accident occurs, the OSC will complete an
Accident Report Form (see Appendix E). The project manager
will be notified and appropriate action will be taken by the OSC
to correct the situation that caused the accident.

o Field crew members must stay alert to evidence of potentially
hazardous conditions such as strong or irritating odors or evidence
of the presence of buried wastes (e.g. drums, etc.).

o Personnel should practice unfamiliar operations prior to performing
the actual procedure in the field.

o Field crew members shall be familiar with the physical
characteristics of the site, including:
- wind direction in relation to contaminated areas;
- accessibility to associates, equipment, vehicles, and
communication equipment;
- exclusion zones;
- site access restrictions;
- nearest water source.

L Personnel and equipment in the contaminated area shall be kept to
the minimum requirements necessary to complete the task-at-hand.

Roles of Personnel in Emergencies
The TRC OSC or designee will always be on-site, or will be available immediately by
telephone or FM radio. The OSC will take appropriate action to ensure efficient and expeditious

handling of emergency situations.
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Specific roles of personnel at the site include the following:

Site workers - use "buddy" system and follow procedures outlined
in this plan. Contact OSC immediately if an emergency arises.

OSC - role as described above.

NETC or NORTHDIV OSC - work with TRC OSC at start of
project to develop emergency response procedures. Coordinate
NETC or Navy personnel and contractor personnel, if appropriate,
in responding to the emergency.

TRC Project Manager - ensure emergency response procedures
outlined in this plan receive high priority ,and are effectively
implemented.

TRC Health and Safety Director - work with project manager and
OSC to provide support as needed.

3.12.2 Emergency Response Plan - Speciﬁc Incidents
First Aid - General

All injuries, no matter how slight, shall be reported to the OSC immediately. A TRC

accident report form (Appendix E) will be filled out for all accidents. Project personnel will be

instructed on the location of the first aid station, hospital, doctor and ambulance service near the

job. The emergency phone numbers will be conspicuously posted in the site trailer. First aid

supplies will be available in the site command vehicle on-site. At those areas where a restricted

zone is established, the supplies will be located between restricted and non-restricted areas so

as to be readily accessible to all site personnel.

Medical advice and procedures directed by doctors, nurses, and first aid attendants will

be followed. No person shall attempt treatment of injuries except as directed below for burns

or for injuries requiring immediate attention.
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Burns
Immediately treat acid, caustic and thermal burns by rinsing in cold water, then report

promptly to the OSC, or designee. Movement of injured persons will be avoided unless the

injured person is in immediate danger.

Chemical Exposures

Exposure to chemicals may be divided into two general categories:

] Injuries from direct contact, such as acid burns or inhalation of
toxic chemicals; and

° Potential injury due to gross contamination on clothing or
equipment.

For inhaled contaminants, treatment shall be by qualified physicians. If the contaminant
is on the skin or in the eyes, immediate measures must be taken to counteract or dilute the
substance’s effects. First aid treatment usually includes flooding the affected area with water
for at least 15 minutes; however, for a few chemicals, water may cause more severe problems.

When protective clothing is grossly contaminated, contaminants may be transferred to
treatment personnel or the wearer and cause injuries. Appropriate precautions (e.g. wrap
contaminated person in a blanket) will be taken to protect emergency personnel for contaminants,

as warranted.

Physical Injury

Physical injuries can range from a sprained ankle to a compound fracture, from a minor
cut to massive bleeding. Depending on the seriousness of the injury, treatment may be given
at the site by trained response personnel. For more serious injuries, additional assistance may
be required on-site or the victim may have to be treated at a medical facility.

Life-saving care should be instituted immediately for physical injuries without

consideration of personnel decontamination. The outside garments can be removed if they do
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not cause delays, interfere with treatment, or aggravate the problem. Respirator assemblies must
always be removed. Chemical-resistant clothing can be cut away.

For non-life threatening cases, the individual should be wrapped in plastic, rubber, or
blankets to help prevent contaminating medical personnel and the inside of the ambulance.
Outside garments are then removed at the medical facility. No attempt should be made to wash
or rinse the victim at the site. One exception would be if it is known that the individual has
been contaminated with an extremely toxic or corrosive material which could also cause severe
injury to emergency personnel. For minor medical problems or injuries, the normal

decontamination procedure should be followed.

Emergency Decontamination
Emergency decontamination procedures include the following:

° Another team member shall remove the individual from the
immediate area of contamination.

o Precautions shall be taken to avoid exposure of emergency
personnel to the chemical.

° If contaminants are on the individuals clothing, the clothing shall
be removed, if it is safe and prudent to do so.

° If the contaminant has contacted the skin, the skin shall be washed

with copious amounts of water, preferably under a shower for at
least 15 minutes.

o In case of eye contact with the contaminant, an emergency eye
wash apparatus shall be used.

o If necessary, the victim shall be transported to the nearest hospital
or medical center. If necessary, an ambulance will be called to
transport the victim.

o All chemical exposure incidents will be reported in writing by the
OSC on an Accident Report Form (see Appendix E).
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Under certain circumstances, decontamination may aggravate or cause more serious
health effects. If prompt life-saving first aid and medical treatment is required, decontamination
procedures will be omitted. Whenever possible, TRC personnel shall accompany contaminated

victims to the medical facility to advise medical personnel on matters involving the nature of the
exposure.
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4.0 EVALUATION OF ARARS

4.1 INTRODUCTION

A description of the cap at the McAllister Point Landfill is provided below prior to
identifying the ARARs applicable to the design of a cap.

As described in the final McAllister Point Proposed Plan a multi-layer cap would be
placed over the landfill area to limit the amount of infiltration and thereby minimize leachate
production. The cap would cover approximateiy 10.5 acres, encompassing the landfill area at
McAllister Point, including identified areas of ash, construction debris and domestic waste
disposal. The cap would be designed to meet or exceed Resource Conservation and Recovery
Act (RCRA) guidance as described in the USEPA documents, Technical Guidance Document:
Final Covers on Hazardous Waste Landfills and Surface Impoundments (USEPA, 1989) and
Design and Construction of RCRA/CERCLA Final Covers (USEPA, 1991), and in accordance
with accepted ehgineering design practices.  Site-specific factors will be considered in
determining an effective cap design. A typical cover system is composed of a vegetative and
protective layer, a drainage layer, an upper barrier layer consisting of a synthetic membrane,
and a lower barrier layer consisting of a low permeability soil barrier. An optional gas vent
layer may be placed below the lower barrier layer, if determined to be appropriate during the

landfill gas management system evaluation.

4.2 ARARs IDENTIFICATION AND ANALYSIS

This remedy will attain all Applicable or Relevant and Appropriate federal and state
requirements (ARARs) that apply to the McAllister Point Landfill site and this remedial action.
Environmental laws from which ARARs for the selected source control remedial action are

derived, and the specific ARARs are summarized below.
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4.2.1 Chemical-Specific ARARS

No chemical-specific ARARs are applicable to the selected remedial action.

4.2.2 Location-Specific ARARs

Executive Order 11988 and 11990; Statement on Proceedings of
Floodplain Management and Wetlands Protection (40 CFR 6, Appendix
A)

Clean Water Act Section 404 (40 CFR 230.10) Requirements for
Discharge of Dredge of Fill Material

Rivers and Harbors Act (Section 10) Prohibition of Filling a Navigable Water

Fish and Wildlife Coordination Act of 1958 (16 U.S.C. 661) Protection
of Wildlife Habitats

Endangered Species Act of 1973 (16 U.S.C. 1531) Protection of Endangered
Species

National Historic Preservation Act of 1966 (16 U.S.C. 470, et seq.)
Protection of Historic Lands and Structures

Archaeological and Historic Preservation Act of 1974 (132 CFR

229 & 229.4, 43 CFR 7 & 7.4); Historic Sites, Building and

Antiquities Act

Rhode Island Wetlands Laws (RIGL 2-1-18 et seq.); Rhode Island Department of
Environmental Management Rules Governing the Enforcement of the Freshwater
Wetlands Act - as amended Dec. 21, 1986

Rhode Island Coastal Resources Management Law (RIGL, Title 46,
Chapter 23) and Regulations
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4.2.3 Action-Specific ARARS

] RCRA (40 CFR 264) Subtitle C Requirements:

40 CFR 264.10-264.18 Subpart B - General Facility Standards

40 CFR 264.30-264.37 Subpart C - Preparedness and Prevention

40 CFR 264.50-264.56 Subpart D - Contingency Plan and Emergency
Procedures

40 CFR 264.90-254.101 Subpart F - Ground Water Protection

40 CFR 264.110-118 Subpart G - Closure/Post Closure Requirements
40 CFR 264.301-264.310 Subpart N - Landfill Requirements

o Migratory Bird Treaty Act (16 U.S.C. 703-712)

° Clean Water Act Section 404 (40 CFR 230.10) Requirements for Discharge of
Dredged or Fill Material

L Rivers and Harbors Act (Section 10) Prohibition of Wetland Filling

. Clean Air Act:
. Section 5 171 through 178, 42 USC §§ 7471-7478 (Requirements for
Non-Attainment Areas)
Section 5 160 through 169A - Prevention of Significant Deterioration
Provisions

® Clean Water Act (40 CFR 122-125) National Pollutant Discharge Elimination
System (NPDES) Permit Requirements

o RI Hazardous Waste Management Act of 1978 (RIGL 23-19.1 et seq.) Hazardous
Waste Management Rules and Regulations and Proposed Amendments:

Section 7
Section 8

Section 9
Section 10
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° RI Clean Air Act (RIGL, Title 23, Chapter 23) General Air Quality and Air
Emissions Requirements
RI Air Pollution Control Regulations, RI Dept. of Health, Div. of Air
Pollution Control, effective 8/2/67, amended 5/20/91
- Regulation No. 1 - Visible Emissions
- Regulation No. § - Fugitive Dust
- Regulation No. 7 - Emissions Detrimental to Person or Property
- Regulation No. 15 - Control of Organic Solvent Emissions
- Regulation No. 17 - Odors
- Regulation No. 22 - Air Toxics

o RI Water Pollution Control Act
RI Water Quality Regulations for Water Pollution Control (RIGL 46-12

et seq.)
RI Regulations for the Pollutant Discharge Elimination System (RIPDES)
(RIGL 46-12 et seq.)

The following action-specific policies, criteria and guidelines were also considered:

° RCRA Proposed Rule 52 FR 8712 - Proposed Amendments for Landfill Closures

o EPA Technical Guidance Document: Final Covers on Hazardous Waste Landfills
and Surface Impoundments (EPA 530-SW-89-047)

] Clean Air Act (40 CFR 50) New Source Performance Standards (NSPS) Proposed
Subpart WWW 56 FR 24468-24528 (5/30/91)

° Clean Air Act (40 CFR 61) National Emissions Standards for Hazardous
Pollutants (NESHAPS)

Federal Location-Specific Regulations - The federal location-specific regulations that
apply to the selected remedy are mainly based on the site’s location adjacent to Narragansett
Bay. Executive Orders 11988 and 11990 require the avoidance, wherever possible, of long- and
short-term impacts associated with the destruction of wetlands and the occupancy and
modifications of floodplains and wetlands whenever there is a practicable alternative. Similarly,
Section 404 of the Clean Water Act prohibits the discharge of dredged or fill material to a water

of the United States if there is a practicable alternative which poses less of an adverse impact

4-4

TRC



or if it causes significant degradation of the water. The Rivers and Harbors Act prevents filling
of a navigable water. The Fish and Wildlife Coordination Act of 1958 requires consultation
with federal and state conservation agencies during planning and the decision-making process
for any action which may impact water bodies, including wetlands, as well as consideration of
prevention, mitigation or compensation measures. These standards are applicable to cap
construction and slope protection activities which impact wetland, floodplain or coastal areas.
Remedial designs will be developed to minimize adverse impacts to these areas. If adverse
impacts to wetland areas cannot be avoided as part of the selected remedy, appropriate mitigating
actions will be taken.

The Endangered Species Act of 1973 is a potential ARAR for activities which could
impact endangered or threatened wildlife species. An environmental assessment conducted
during the Phase IT RI, prior to cap construction, will determine if endangered species inhabit
the site. The National Historic Preservation Act of 1966 and the Archaeological and Historic
Preservation Act of 1974 govern the preservation of historic, scientific and archaeological sites.
Remedial actions must be coordinated with preservation agencies and societies to minimize loss

of significant scientific, prehistoric, historic or archaeological data.

State Location-Specific Requirements - The state location-specific rt;gulations that apply
to the selected remedy are based on the site’s location adjacent to Narragansett Bay. The Rhode
Island Wetlands Laws define and establish provisions for the protection of swamps, marshes and
other freshwater wetlands. The Rhode Island Coastal Resources Management Law and
Regulations set standards and regulations for the management and protection of coastal
resources. These standards are applicable to cap construction and slope protection activities
which impact wetland and coastal areas. Remedial designs will be developed to minimize
adverse impacts to these areas. If adverse impacts to wetland areas cannot be avoided as part

of the selected remedy, appropriate mitigating actions will be taken.
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4.2.4 Federal and State Hazardous Waste Regulations
The applicability of RCRA and Rhode Island Hazardous Waste Management Regulations

depends on whether the wastes are RCRA-hazardous wastes as defined under these regulations.
To date, there is no firm evidence available to indicate that RCRA-regulated materials were
disposed of at the McAllister Point Landfill site. However, because toxic constituents are
present in the waste materials and ground water, many portions of the federal and state
hazardous waste regulations are relevant and appropriate to the selected remedy.

The substantive requirements of RCRA General Facility Standards, Preparedness and
Prevention, and Contingency Plan and Emergency Procedures will be attained during remedial
construction activities. RCRA Subpart F - Ground Water Protection stipulates ground water
monitoring and corrective action requirements and establishes points of compliance. A ground
water monitoring program will be implemented which will adhere to these requirements.
Sections of Subpart G (Closure and Post-Closure Requirements) and Subpart N (Landfills) which
define landfill closure requirements are relevant and appropriate to the capping and long-term
monitoring of the site. RCRA Proposed Amendments for Landfill Closures and EPA Technical
Guidance on Final Covers on Hazardous Waste Landfills and Surface Impoundments will be
considered in the final design of the cap and development of the post-closure monitoring plan.
Section 404 of the Clean Water Act will affect the design of the final cover, as discussed
previously under the Location-Specific requirements.

Landfill cap construction and closure monitoring will be conducted in accordance with
the applicable portions of Sections 7, 8, 9 and 10 of the Rhode Island Hazardous Waste
Management Rules and Regulations and Proposed Amendments.

Portions of Section 5 of the Clean Air Act may be applicable or relevant and appropriate
to the venting of landfill gas from the site. Monitoring and modeling would be required to
determine if these requirements are applicable or relevant and appropriate. Venting of landfill
gases will also be conducted in accordance with Regulations 1, 5, 7, 15, 17 and 22 of the Rhode
Island Air Pollution Control Regulaﬁoﬁs.

Clean Water Act NPDES requirements and Rhode Island Water Quality Regulations for
Water Pollution Control and RIPDES requirements will be applicable to the discharge of storm
water from the site. A storm water monitoring program will be developed to meet these

requirements during cap design activities.

4-6

TRC



5.0 PRE-DESIGN QUALITY ASSURANCE/QUALITY CONTROL PLAN

5.1 INTRODUCTION

This Quality Assurance Project Plan (QAPP) has been developed for use in conjunction
with pre-design field sampling activities at the McAllister Point Landfill site in Middletown,
Rhode Island. Navy policy calls for following EPA guidance and procedures while conducting
investigations and remedial action at all Navy waste sites. The pre-design sampling program is
designed to meet all applicable guidance for Superfund, RCRA, and the Navy IR program.

The QAPP serves as a controlling mechanism during field sampling, samble laboratory
analysis, and data validation to ensure all data collected are valid, reliable, and
legally-defensible. The QAPP outlines the organization, objectives, and Quality
Assurance/Quality Control (QA/QC) activities which will ensure achievement of desired data
quality goals. -

5.2 PROJECT SCOPE

The objective of the pre-design field sampling activities are to gather sufficient
information on the nature of site geotechnical and landfill gas conditions to allow adequate
consideration of these issues during the design of a cap for the site.

The field activities and the associated sample matrices and analyses are discussed in
Section 2.0 of this Work Plan. The sample program makes extensive use of Target Compound
List (TCL) and Target Analyte List (TAL) analyses using EPA-CLP protocols, as defined in the
USEPA Contract Laboratory Program (CLP) Statement of Work (SOW) for Organic Analysis;
Multi-Media, Multi-Concentration; SOW No. 3/90; revised July 1991, aild in the USEPA CLP
SOW for Inorganic Analysis; Multi-Media, Multi-Concentration; SOW No. 3/90; revised
September 1991. These EPA CLP requirements will be followed during this study. Naval
Energy and Environmental Support Activity (NEESA) guidance (Sampling and Chemical
Analysis Quality Assurance Requirements for the Navy Installation Restoration Program,
NEESA 20.2-047B, 1988) for Level D analyses will also be followed by the laboratory. Where
EPA-CLP protocols and NEESA guidance differ, the more stringent requirements will be
followed.
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5.3 PROJECT ORGANIZATION AND RESPONSIBILITIES

This project will be largely performed by TRC Environmental Corporation personnel.
Project review will be performed by a Technical Review Committee assembled by the Northern
Division. The names and addresses of select individuals involved in the project review and

oversight appear below.

U.S. Navy - NORTHDIV

o Northern Division Code 1823
Naval Facilities Engineering Command
10 Industrial Highway, Mail Stop #82
Lester, PA 19113

Mr. James Briggs, Design Manager

(215) 595-0590

Mr. Francisco LaGreca, Engineer-In-Charge
(215) 595-0567 -

° Naval Education and Training Center
Public Works Dept., Bldg. 1
Newport, RI 02841

Lt. Jeffrey Borowy
Mr. Brad Wheeler
(401) 841-3735

TRC Environmental Corporation

L 5 Waterside Crossing
Windsor, CT 06095

Mr. Robert C. Smith, P.E., Program Manager

Mr. Carl Stopper, P.E., Design Project Manager
(203) 289-8631

U.S. Environmental Protection Agency

o Region I ¢
Federal Facilities Section
90 Canal Street, 2nd Floor
Boston, MA 02203

Mr. Andrew Miniuks, Remedial Project Manager
(617) 573-9614
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Rhode Island Department of Environmental Management

o Air and Hazardous Materials Division
291 Promenade Street
Providence, RI 02908

Mr. Paul Kulpa
(401) 277-2797

The responsibilities of TRC’s Project Manager and QA/QC staff are briefly described

below.

Project Manager’s Responsibility

The TRC Project Manager will provide overall direction to the project team, and will be
held responsible for successful project completion. The Project Manager will be the primary
contact for the Northern Division’s Engineer-In-Charge (EIC).

OA Manager’s Responsibility
TRC’s Corporate QA Manager will be the responsible Quality Assurance Officer for this

project. The QA Manager reports independently to the Corporate President and, hence, has full
authority to act independently from the technical line management structure. He will serve as
TRC’s primary contact with the Northern Division’s QA staff, if so requested by the EIC. He
will monitor compliance of the project with the project plan, and perform any necessary
performance or system audits. The TRC QA Manager will initiate and monitor any necessary

formal corrective actions. .

Field QC Coordinator’s Responsibilities
A Field QC Coordinator will be selected for this project. The Field QC Coordinator will

work with the field team in preparing for the sampling events, and also during the field work.
He or she will be on site to ensure required QC procedures are followed for sample collection
and handling; will initiate informal and/or formal corrective actions, as necessary; and will

maintain and report QC records and results to the TRC Project Manager and QA Manager. The
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QC field coordinator will also serve as the QA/QC Manager for the project. This person will
be responsible for ensuring all analytical deliverables have been received in accordance with this
QAPP.

Laboratory QC Coordinator
The analytical laboratory selected for this project, a NEESA-approved and EPA CLP

laboratory, will also designate a QC Coordinator who will function as part of the project QC

team. The duties of the laboratory QC Coordinator or designee will include, at a minimum, the

following:
o Direct preparation of sample containers;
° Direct preparation and inclusion of blind QC samples in sample load in a

fashion unrecognizable to analysts;

o Monitor use of known QC samples, blanks and duplicates, as required by
specific projects;

o Maintain records of performance on known and blind QC samples as a
measure of analytical precision and accuracy (control charts, etc.); and

° Direct and monitor recordkeeping and sample tracking activities.

e

5.4 QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA

The overall quality assurance objective for laboratory analysis of environmental samples
is to provide a laboratory QA/QC program that is, at a minimum, equal to the U.S. EPA
Contract Laboratory Program (CLP). The quality control limits of accuracy and precision for
laboratory analyses are governed by the methods and equipment used. Laboratory QA/QC
requirements defined in CLP protocol are designed to ensure that acceptable levels of data
accuracy and precision are maintained throughout the analytical program. These requirements
are detailed in the U.S. EPA CLP Statement of Work (SOW) for Organic Analysis;
Multi-Media, Multi-Concentration; SOW No. 3/90; revised August 1991 and in the U.S. EPA
CLP SOW for Inorganic Analysis; Multi-Media, Multi-Concentration; SOW No. 3/90; March
1990. These requirements will be followed during this study.
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It must be recognized that QA objectives may be attainable only for samples that are
homogeneous and do not have inherent matrix-related problems. In the event that QA objectives
cannot be met on specific samples, groups of samples or sample types, the analytical laboratory
will make every reasonable effort to determine the cause of non-attainment and, if such is due
to instrument malfunction, operator error, or other identifiable cause within the control of the
laboratory, the samples affected will be reanalyzed, if possible. Should non-attainment of QA
objectives be due to sample inhomogeneity, sample matrix interference, or other sample-related
causes, reanalyses will be treated as additional analyses.

For many EPA-approved methods, interlaboratory method verification studies have been’
used to establish QC criteria which may be regarded as an inherent part of the method. In those
cases, such criteria will take precedence except for deviations from such criteria that can be
reasonably attributed to sample-related cases.

The quality assurance objectives for all measurement data include considerations of

precision, accuracy, completeness, representativeness, and comparability as described below.

5.4.1 Precision and Accuracy
The precision of a measurement is an expression of mutual agreement of multiple

measurement values of the same property conducted under prescribed similar conditions.
Precision reflects the repeatability of the measurement. Precision is evaluated most directly by
recording and comparing multiple measurements of the same parameter on the same sample
under the same conditions. Precision is usually expressed in terms of the standard deviation.
The precision objectives for analytical parameters are specified.in the CLP protocols.

The degree of accuracy of a measurement is based on a comparison of the measured
value with an accepted reference or true value, or is a measure of system bias. Accuracy of an
analytical procedure is best determined based on analysis of a known or "spiked" sample
quantity. The degree of accuracy and the recovery of analyte to be expected for the analysis of
QA samples and spiked samples is dependent upon the matrix, method of analysis, and
compound or element being determined. The concentration of the analyte relative to the
detection limit is also a major factor in determining the accuracy of the measurement. Except
as otherwise specified by a method, the QC objective for accuracy under this project will be 75

to 125 percent (percent recovery), as determined by sample spike recoveries. Alternately,
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accuracy may be assessed through the analyses of appropriate standard reference materials,
certified standards, or samples, as available.

5.4.2 Completeness

Completeness is a measure of the amount of valid data obtained from the measurement
system relative to the amount anticipated under ideal conditions. This project’s QC objective

for completeness, as determined by the percentage of valid data generated, will be > 90 percent.

5.4.3 Representativeness

Samples taken must be representative of the population. Where appropriate, the
population will be statistically characterized to express: 1) the degree to which the data
accurately and precisely represent a characteristic of a population, 2) parameter variations at a
sampling point, and 3) a process, or an environmental condition. Sample selection and handling
procedures will be conducted to obtain the most representative sample possible. Sampling
devices will be decontaminated between sampling points to ensure that cross-contamination does
not occur between samples.

Representative samples will be collected through the following actions:

Collect samples from locations fully representing the site conditions;
Use appropriate sampling procedures and equipment;

Use appropriate analytical methodologies; and

Analyze for appropriate parameters using appropriate detection limits.

Field duplicate and blank samples, as well as trip blank samples will not be collected or
prepared, as part of this project. Sampling locations and procedures are intended to assure
collection of representative samples.

The laboratory will make appropriate efforts to assure that the samples are adequately

homogenized prior to taking aliquots for analysis, so reported results represent samples received.
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5.4.4 Comparability
Consistency in sample acquisition, handling, analysis and level of QA/QC is necessary

so that the analytical results may be compared. Where appropriate, the results of the analyses
will be compared with the results obtained in previous studies. The laboratory will also use
EPA-approved methods and reporting units, in order to assure that the data will be comparable
to other similarly generated data sets.

5.5 SAMPLING PROCEDURES

The following matrices will be sampled during the field investigation portion of the
design of the McAllister Point Landfill cap: soil, sediment, and landfill gas. Sample collection
and monitoring methodology are presented in Appendix A of this Work Plan. These procedures

will be implemented in order to collect representative data for pre-design planning guidance.

5.5.1 Sample Collection, Handling, and Shipping

It is important to use appropriate sample containers so that no chemical alteration occurs
between the collection of samples in the field, and the receipt of samples at the laboratory. The
sample bottles will be prepared and shipped to the field by the laboratory, under the direction
of the laboratory QC coordinator. The sample bottles will be transported to the site within a
sealed shipping cooler.

Sample containers will be selected to ensure compatibility with the potential contaminants
and to minimize breakage during transportation. Sample containers, analytical methods and
preservation required are listed in Table 5 for soil, sediment, and landfill gas samples. Holding
times are further defined in Table 6.

Sample labels will be filled out at the time of sampling and will be affixed to each
container to identify the sample number, collector’s name, date and time of collection, location
of the sampling point, preservatives added, and analyses requested for the sample.

After the bottles for a given sample site have been filled, they will be placed in a
shipping cooler. Field personnel will add bags of crushed ice or ice packs to the shipping
coolers as the samples are collected. Each sample container will be cushioned with packing

materials and sealed in a refrigerated cooler container for shipment to the laboratory by
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overnight delivery. Daily sample collection activities will be scheduled in order to assure

overnight delivery of samples.
A chain-of-custody record will be prepared and will accompany all samples to provide
documentation of all samples collected and to trace sample possession. Chain-of-custody

procedures are discussed in detail in Section 5.6.

5.5.2 Field Equipment Decontamination Procedures
Drilling equipment will be decontaminated prior to use at the McAllister Point Landfill.
Decontamination of drill rigs and drilling equipment (e.g., augers, rods) will be conducted upon
completion of all field work at designated decontamination areas with a steam cleaner.
Decontamination of sampling equipment will be performed at designated decontamination areas.
Sampling equipment such as hand augers, stainless steel spoons or spatulas, and stainless steel
mixing bowls will be decontaminated using the following procedures:
o Wash and scrub with low phosphate detergent in tap water;
] Rinse with tap water;
® Rinse with 10% nitric acid (1% nitric acid on carbon steel split-spoons);
L Rinse with tap water;
o Rinse with hexane and methanol - pesticide grade solvents or better;
o Rinse with distilled water (demonstrated to be analyte-free);
° Air dry - on clean polyethylene sheeting; and
o Wrap in aluminum foil, shiny side out for transport (if not being used

immediately).

NOTE: Clean equipment may rest on -- but never be wrapped in clean polyethylene sheeting.

An attempt will be made to coordinate a drilling sequence hierarchy from less likely to more
likely contaminated boring locations to reduce the potential for cross-contamination between

locations. Sampling equipment will be decontaminated prior to use at each sampling location.
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Decontamination rinsates will be collected and contained in drums for subsequent
determination of proper handling and/or disposal as outlined in the Investigation Derived Waste
Plan provided as Appendix B.

5.6 SAMPLE CUSTODY

Sample custody procedures will be observed to ensure the validity of the data generated
during this program. Sample chain-of-custody will be initiated with selection and preparation
of the sample containers. To reduce the chance for error, the number of personnel handling
samples will be restricted, and one person will be assigned the responsibility of field sample
custodian. \

On-site monitoring data will be controlled and entered daily in permanent log books, as
appropriate.. Personnel involved with the sample chain-of-custody process will be trained in
sample collection and handling procedures prior to project initiation.

Sample custody and documentation procedures described in this section will be followed
throughout all sample collection activities at NETC-Newport. Components of sample custody

procedures include the use of field notebooks, sample labels, and chain-of-custody forms.

5.6.1 Field Notebooks

The TRC project manager will oversee the maintenance of field notebooks. Field notebooks
will be bound books, preferably with consecutively numbered pages, that are at least 4 inches
x 7 inches in size. Field notebooks will be maintained by the TRC field team leader and other
team members to provide a daily record of significant events, observations, and measurements
during the field investigation activities. Notebook entries will be signed and dated.

Information pertinent to the field survey and/or sampling will be recorded in the notebooks.

Field notebook entries will include the following information (at a minimum):

Name and affiliation of field contact;

Name and title of author, date and time of entry, and physical/
environmental conditions during field activity;

Names of field crew;

Names and titles of any site visitors;

Type of sampling activity;

Location of sampling activity;

Description of sampling point(s);
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Date and time of sample collection;

Sample media (e.g., soil, sediment, ground water, etc.);

Sample collection method,; ,

Number and volume of sample(s) taken;

Analyses to be performed,;

Sample preservatives;

Sample identification number(s);

Field observations;

Any field measurements made such as Ph, temperature, conductivity,
water level, etc.;

References for all maps and photographs of the sampling site(s); and

Original data recorded in either the field notebooks, on sample labels, or in the
chain-of-custody records will be written with waterproof ink. None of these accountable,
serialized documents will be destroyed or discarded, even if they are illegible or contain
inaccuracies.

If an error is made on an accountable document assigned to an individual, that individual
will make all corrections by crossing a line through the error and entering the correct
information and initialing the cross-out. The erroneous information will not be obliterated. Any
subsequent error discovered on an accountable document will be corrected by the person who

made the entry, and will be initialed and dated, as appropriate.

5.6.2 Sample Labels

Samples obtained at the site will be placed in an appropriate sample container for
preservation prior to shipment to the laboratory. Each sample will be individually identified
with a separate identification label recorded with a unique sample identifier. The information

recorded on the label will include:

Project name/project number/location;

Sample identifier/number;

Analysis to be performed;

Preservatives used, especially any non-standard types, and any other field
preparation of the sample;

Date of collection;

Number of containers per analyte (i.e., 1 of 2, etc.); and

@ Sampler’s initials.

5-10

TRC



3.6.3 Custody Seals
Samples will be placed in sample coolers and the coolers will be sealed with custody seals .

prior to shipment to the laboratory. Clear adhesive tape will be placed over the seals to ensure

that seals are not accidentally broken during shipment.

5.6.4 Chain-of-Custody Records
All samples will be accompanied by a chain-of-custody record, an example of which is

shown on Figure 9. A chain-of-custody record will accompany the sample from initial sample
container selection and preparation commencing at the laboratory, to the field for sample
containment and preservation, and through its return to the laboratory. If samples are split and
sent to different laboratories, a copy of the chain-of-custody record will be sent with each
sample.

The "Remarks" column in the chain-of-custody record will be used to record specific
considerations associated with sample acquisition such as: sample type, container type, and
sample preservation methods. When transferring samples, the individuals relinquishing and
-assuming sample custody will sign, date, and note the transfer time on the record.

A minimum of two copies of the chain-of-custody record will follow each sample to the
laboratory. The laboratory will maintain one file copy, and the completed original will be
returned to the TRC Project Manager. A copy of the completed original will be returned as a
part of the final analytical report. This record will be used to document sample custody transfer
from the sampler, to another TRC team member, to a shipper, or to the laboratory, and also to
verify the date of sample receipt in the laboratory.

Shipments will be sent by overnight carrier with appropriate bill of lading documentation.
Bills of lading will be retained as part of the permanent program documentation.

5.6.5 Sample Shipment
Samples will be delivered to the laboratory for analysis as soon as practical after the number

of samples and sample containers is sufficient to comprise a shipment, preferably the same day
the samples are collected. Sample shipment will occur at a minimum frequency of every other
day. All samples will be stored in coolers at a temperature of 40C unless otherwise specified

by the method. The samples will be accompanied by the chain-of-custody record. During
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sampling and sample shipment activities, the TRC field team leader (or his designee) will contact

the laboratory daily to provide information about impending shipments.

5.6.6 Sample Master Log Notebook
In addition to the field notebook documentation, each sample will be documented in a master

sample log notebook for future reference. This master sample log will include the following
information: sample identifier, sampling date and time (military), sampling personnel, matrix
type (i.e., soil), containers/parameters for analysis, date and method of shipment, any sample
preservation, and any other pertinent information relating to the sample(s). The master sample
log will be consistently updated during sampling activities in the field for review during field
audits. Upon completion of sampling activities, the master sample log notebook will be
delivered to the TRC Project Manager.

5.6.7 Laboratory Sample Custody

The TRC Field QC Coordinator will notify the laboratory of upcoming field sampling
activities and subsequent sample transfer to the laboratory. This notification will include
information concerning the number and type of samples to be shipped, as well as the anticipated
sample arrival date.

The laboratory will designate a sample custodian who will be responsible for maintaining
sample custody and for maintaining all associated custodial documentation records. After
receiving the samples, the sample custodian will check the original chain-of-custody record and
request for analysis documents against the labeled contents of each sample container for
correctness and traceability. The sample custodian will then sign the chain-of-custody record
and record the date and time that the sample shipment was received at the laboratory. The
samples will then be logged into the laboratory system.

Care will be exercised in the laboratory to annotate any labeling or descriptive errors
associated with the sample containers. In the event of discrepant documentation, the laboratory
will immediately contact the TRC Field QC Coordinator as part of the corrective action process.
A qualitative assessment of each sample container will be performed to note any anomalies, such
as broken or leaking bottles. This assessment will be recorded as part of the incoming

chain-of-custody procedure.
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Samples will be stored in a secured dark area and at a temperature of approximately 4°C,
if necessary, until analyses are performed. A laboratory chain-of-custody record will accompany
the sample or sample fraction through final analysis for sample control. A copy of the
chain-of-custody record will accompany the laboratory’s analytical report and will become a
permanent part of the pfoject’s records. The Ph of incoming water samples will be checked by
the laboratory when preservatives have been added to the sample. Details of the

chain-of-custody for laboratory activities will be provided in the laboratory’s QA manual.

5.6.8 Evidence File

The TRC Project Manager will serve as file custodian. At the project’s completion, the files
will be returned to the Navy’s Northern Division Office where they will be permanently
archived.

The evidence file will contain all incoming materials related to the project such as:
sketches, correspondence, authorizations, and logs. These documents will be placed in the
projeclt file as soon as possible. If correspondence is needed for reference by project personnel,
a copy will be made rather than manipulating the original.

Examples of the types of records that will be maintained in the project file are:

® Field documents;

® Correspondence;

® Photographs;

® Laboratory data;

® Reports; and

® Subcontract agreements.

To prevent the inadvertent use of obsolete or superseded project-related procedures, all
personnel of the laboratory and project staffs will be responsible for reporting changes in
protocol to the Laboratory Project Manager and the Laboratory Director. The Laboratory
Project Manager and Laboratory Director will then inform the project and laboratory staffs and
the Quality Assurance Officer of these changes, as appropriate.

Revisions to procedures shall be subject to the same level of review and approval as the
original document. Outdated procedures shall be marked "void". The voided document may
be destroyed at the request of the Laboratory Project Ma;nager; however, it is recommended that
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one copy of the voided document be maintained in the project file. The date and reason why

the document was voided will be recorded.

5.7 CALIBRATION PROCEDURES AND FREQUENCY

Instruments and equipment used to gather, generate, or measure environmental data will be
calibrated with sufficient frequency and in such a manner that accuracy and reproducibility of
results are consistent with the instrument manufacturer’s specifications.

Laboratory instrumentation calibration procedures and frequencies are specified in the most
recent Contract Laboratory Program (CLP) Statement of Work (SOW) for Organic Analysis; and
will be strictly followed for those analytes analyzed by CLP protocols. For all other analyses
for which EPA-approved methods exist, the laboratory will employ such methods and follow the
specified calibration procedures and ffequencies. | The laboratory quality control program
includes strict adherence to routine calibration proéedures.

Analysis of blank samples, duplicate samples, spiked blanks, and matrix blanks will be
performed where possible to document the effectiveness of calibration procedures. Method
blanks contain all the reagents used in the preparation and analysis of the samples and are
processed through the entire analytical scheme to assess spurious contamination from reagents,
glassware and other materials used during analysis. The terms method blank and laboratory
blank are interchangeable. A matrix blank denotes a blank of a similar matrix (e.g., for liquids
a blank of distilled-deionized reagent grade high purity water may be used; for soils/sediments
high purity sand may be used). A spike blank is a method blank which has had a known
concentration of a particular compound or analyte added to it to assure adequate percent
recovery of the compound/analyte.

Records of calibration, repair, or replacement will be maintained by the designated
laboratory personnel performing quality control activities. Calibration records of assigned
laboratories will be filed and maintained at the laboratory location where the work is performed
and subject to QA audit.

Calibration of field instruments will be performed at approved intervals as specified by the
manufacturer or more frequently, as conditions dictate. At a minimum all field instruments will
be calibrated at the beginning and end of each day. Calibrations may also be performed at the

start and completion of each test run; however, such calibrations will be re-initiated as a result
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of delay due to meals, work shift change, or instrument damage. Calibration standards used as
reference standards will be traceable to the National Bureau of Standards (NBS), when possible.
Calibration procedures for field instruments will be as specified by the instrument manufacturer.
Equipment manuals describing calibration procedures will be maintained in the field office

during site investigations.

5.8 ANALYTICAL PROCEDURES

EPA-approved methods will be used for all analyses for which such methods exist. Target
Compound List (TCL) and Target Analyte List (TAL) parameters will be analyzed by Contract
Laboratory Program (CLP) protocols. The laboratory will follow methods detailed in the CLP
Statement of Work (SOW) for Organic Analyses, Multi-media, Multi-concentration, 3/90,
revised July 1991, and the SOW for Inorganics Analyses, Multi-media, Multi-concentration,
3/90, revised September, 1991.

If sample contaminant concentrations are high, then CLP protocols for low and medium
concentration samples may be required. In this case, sample runs at lower dilutions will be
performed to obtain quantitative results for parameters present at lower concentrations. That is,
samples are pre-screened to estimate concentration levels. According to EPA methodology, high
concentration samples are diluted to bring them within a linear working range. Low
concentration samples are set aside and then analyzed within the same linear working range.
It may not be possible to quantitate sample results in parts per billion for samples where "pure"
waste (fuel product, paint, powder, etc.) is encountered. A decision tree approach will be
followed, in order to quantitate the sample when high levels of contamination are encountered.

In this case, detection limits will be raised for all analytes on the sample, as the sample is
diluted.

5.8.1 Target Compound List - Organic Compounds
Organic compound analyses will be conducted according to the U.S. EPA CLP, Statement

of Work for Organic Analyses, SOW 3/90, revised August 1991. The organic compounds
contained in the TCL will be determined using proven methods to identify and quantify volatile,
semi-volatile and pesticide/PCB compounds. The TCL compounds and CLP-required detection
limits are shown in Tables 7 through 9. The actual detection limits obtainable for a specific
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sample depend upon matrix interferences. If the CLP detection limit is unachievable for a
particular sample, an explanation of the problem and supporting evidence will be provided by
the laboratory in the case narrative summary submitted with the deliverables.

Each set of samples will be analyzed in conjunction with the analysis of QC samples,
including blanks, matrix spikes and matrix spike duplicate (MS/MSD) samples for quality
control determinations. The frequency of analysis of the QC samples will not be less than one
per 20 samples for MS/MSD samples. All samples, laboratory duplicates, laboratory blanks,
matrix spike and matrix spike duplicates will be fortified with surrogate spiking compounds as
shown in Table 10.

5.8.2 Target Analyte List - Metals

Water and soil samples will be prepared for analyses as described by procedures for each
respective matrix and analysis method described in the U.S. EPA CLP, Statement of Work for
Inorganic Analyses (SOW 3/90). Each set of samples, or 20 samples, whichever is more
frequent, will be analyzed with a preparation blank, duplicate sample, and matrix spiked sample.
Each group of 20 samples will be analyzed with a laboratory control sample of similar matrix.
The Target Analyte List (TAL) for metals and inorganics and associated detection limits are
listed in Table 11.

The atomic absorption (AA) instrument will be calibrated through the use of a minimum of
three calibration standards prepared by dilution of certified stock solutions. Calibration
standards will contain acid(s) at the same concentration as the digestates. An analysis blank will
then be prepared, and one calibration standard will be at the EPA-CLP required detection limit
for the metal being evaluated. The other standard concentrations will bracket the concentration
range of the samples. A continuing calibration standard, prepared from a different stock solution
than that used for the calibration standards, will be prepared and analyzed after every ten
samples or every two hours of continuous instrument operation. The value of the continuing

calibration standard concentration must agree with requirements of the CLP SOW.
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5.8.3 Landfill Gas Parameters

Landfill gas samples will be analyzed for VOCs using as gas chromatograph/mass
spectrophotometer technique which is a modification of EPA Methods TO1 and T02. VOCs
detected by the GC/MS analytical method are provided in Table 12.

5.9 DATA REDUCTION, VALIDATION, AND REPORTING
The procedures used for calculations and data reduction are specified in each analytical

method referenced in Section 5.8. Raw data will be entered in bound laboratory notebooks.
A separate book will be maintained for each analytical procedure. The data will be entered such
that sufficient space remains to enter all subsequent calculations required to arrive at the final
(reported) value for each sample. Calculations include factors such as sample dilution ratios,
corrections for titrant normality, and conversion to dry-weight basis for solid samples.
Instrument chart recordings and calculator printouts will be labeled and attached to their
respective pages, except for voluminous gas chromatograms which will be cross-referenced and
stored separately.

Calculations will be checked from the raw data to final value stages prior to reporting the
results for a group of samples. Results obtained from extreme ends of standard curves generated
by linear regression calculator programs will be checked against graphically-produced standard
curves if the correlation coefficient of a program curve is less than 0.995.

Data will generally be reported as micrograms of analyte per liter for aqueous samples or _
micrograms per kilogram (dry weight) for solid or non-aqueous liquid samples. Concentration
units will always be listed on reports and any special conditions, such as dry weight conversions,
will be noted. The data reporting form will also include the unique sample numbér assigned to
each sample, details of sample collection including the client’s identification number, and the

dates of sample receipt and report preparation.
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5.9.1 Data Reduction

Target Compound List Compounds
Instrument performance test data will accompany the raw data during data reduction. The

following criteria must be attained to make a qualitative identification of an organic pollutant

using Gas Chromatograph/Mass Spectrometer (GC/MS) techniques:

Characteristic ions for each compound of interest must maximize in the same or within one
scan of each other.

Retention time must occur within +1 percent of the retention time of the authentic
compound.

Relative peak heights of the three characteristic ions in the Extracted Ion Current Profile
(EICP) must fall within + 20 percent of the relative intensities of these ions in a reference
mass spectrum. The reference mass spectrum can be obtained by a standard analyzed in the
GC/MS system or from a reference library.

® The entire mass spectrum of the compound of interest is compared to the reference
compound.

Structural isomers having similar mass spectra can be explicitly identified only if the
resolution between authentic isomers in a standard mix is acceptable. Acceptable resolution is
achieved if the baseline-to-valley height between the isomers is less than 25 percent of the sum
of the two peak heights. Otherwise, structural isomers are identified as isomeric pairs.

When a compound has been identified, the quantitation of that compound is based on the
integrated abundance from the EICP of the primary characteristic ion. The base peak ion of
internal and surrogate standards is used in the quantitation. If the sample produces an
interference for the first listed ion, a secondary ion is used to quantitate. Quantification is
performed using internal standard techniques.

To ensure that reported data are accurate, all resultant data are verified. Retention items

and area counts are checked carefully for correct identification and accurate quantification.
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Metals

The concentrations of metals determined by Atomic Absorption Spectroscopy (AAS)
measurements are obtained by comparison of absorbance values with those obtained from the
analyses of known standards. A linear regression plot of absorbance versus concentration will
be used to determine a concentration factor for linearity of response.

In the event of low (<85%) or high (>115%) post-digestion spike recovery, the analysis
will be repeated using the method of known additions to determine potential matrix interferences.
CLP criteria will be maintained for analyses of samples of similar matrix. The mean percentage
recovery and standard deviation will be calculated from a minimum of 20 analyses. A warning
limit of +2 standard deviations from the mean and a control limit of +3 standard deviations will
be used to establish that the test is providing accurate data.

5.9.2 Data Validation

Data validation is the process of reviewing data and associated quality control criteria and
accepting, qualifying, or rejecting it on the basis of sound criteria. Project supervisory and QC
personnel will use validation methods and criteria appropriate to the type of data and the purpose
of the measurement. Records of all data will be maintained, even that judged to be an
"outlying" or anomalous value. The QA/QC Manager validating the data will have sufficient
knowledge of the technical work to identify questionable values.

Field Data Validation

Field sampling data will be validated by the TRC Field QC Coordinator or QA/QC
Manager, based on their judgment of the representativeness of the sample, maintenance and
cleanliness of sampling equipment, and adherence to the approved, written sample collection
procedure. |

The following criteria will be used to evaluate the field sampling data:

® Use of approved sampling procedures;
® Use of reagents/standards that conform to QC-specified criteria; and

® Proper chain-of-custody maintained and documented.
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5.10 INTERNAL QUALITY CONTROL CHECKS AND FREQUENCY

Quality control checks will be performed to ensure the collection of representative samples
and the generation of valid analytical results on these samples. These checks will be performed

by project participants through the program under the guidance of the TRC QA Officer.

5.10.1 Data Collection and Sampling QC Procedures
The TRC internal QC checks for the sampling aspects of this program will include, but not

be limited to, the following:

° Use of field notebooks to ensure completeness, traceability, and
comparability of the samples collected.

Field checking of field notebooks and sample labels by a second person to
ensure accuracy and completeness.

° Strict adherence to sample chain-of-custody procedures.

° Calibration of the field monitoring equipment (e.g., HNU, OVA).

5.10.2 Analytical QC Procedures

Quality control checks will be performed to ensure the collection of representative samples
and the generation of valid analytical results on these samples. These checks are performed by
project participants under the guidance of QC personnel.

The laboratory will make use of various types of QC samples to document the validity of
the generated data. The following types of QC samples are routinely used:

Calibration Check Samples--One of the working calibration standards which is
periodically used to check that the original calibration is still valid.

Spiked Samples--Replicate aliquots of project samples are spiked with components
of interest and carried through the entire preparative and analytical scheme.

Laboratory Control Samples (LCS)--These samples are prepared from EPA
Environmental Monitoring Systems Laboratory (EMSL) concentrates or National

Bureau of Standards (NBS) standard reference materials. The LCS are used to
establish that an instrument or procedure is in control. An LCS is normally carried
through the entire sample preparation and analysis procedure.
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Surrogate Spikes--Samples requiring analysis by GC/MS are routinely
surrogate-spiked with a series of deuterated analogues of the components of interest.
It is anticipated that these compounds would assess the behavior of actual
components in individual program samples during the entire preparation and analysis
scheme.

Matrix Spikes/Matrix Spike Duplicates (MS/MSD)--One MS/MSD pair will be run
per 20 samples for each different matrix analyzed. These pairs will be spiked with

the target compounds of concern for that matrix.

All values which fall outside the QC limits described in the analytical method will be
noted. The following analytical guidelines will be used to check recovery values which fall
outside the QC limits:

1.  All recovery data are evaluated to determine if the QC limits are appropriate and
if a problem may exist even though the limits are being achieved (e.g., one
compound that is consistently barely within the lower limit). :

2. All recovery data which are outside the established limits are evaluated. This
evaluation includes an independent check of the calculation.

3.  Corrective action is performed if any of the following are observed:

- All recovery values in any one analysis are outside the established limits.
- Over 50 percent of the values for a given sample set are outside limits.
- One compound is outside the limits in over 50 percent of the samples.

Reagents used in the laboratory are normally of analytical reagent grade or higher purity.
Each lot of acid or solvent used is checked for acceptability prior to laboratory use. All reagents
are labeled with the date received and date opened. All glassware is precleaned according to
specifications contained in the analytical method. Standard laboratory practices for laboratory
cleanliness, personnel training, and other general procedures are used.

Laboratory Control Charts -
The control chart displays data in a format which graphically compares the variability of

" all test results with the average or expected variability of small groups of data. The variability
may be due to random (indeterminate) or assignable (determinate) causes. The control chart

distinguishes indeterminate from determinate variation in a process or method by its control
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limits. If a value falls outside the control limits, it is considered out-of-control, almost certainly
due to a determinate cause which has been added to the indeterminate variations. The control
chart signals the need to investigate, find the determinate cause, and correct it. Construction
of a control chart requires a minimum of 14 to 20 duplicate sets of data points (which limits its
use).

QC samples and instrument calibrations lend themselves most readily to the gathering of
the data. Calculation of control limits and the values are usually plotted chronologically so that
trends or cycles can be readily detected. If QC sample measurements show an out-of-control
condition, it can be expected that subsequent sample analyses might yield invalid data. The
control chart is an effective indicator of the need for corrective action.

For volatile and semi-volatile organics and pesticide analyses performed by GC/MS,
surrogate recoveries from the method blank are the control sample. For other organics (e.g.,
PCBs, dioxins/furans), an LCS (spiked blank) is used to plot the control charts. An LCS is also
used as the control point for inorganic analyses.

5.11 SPECIFIC ROUTINE PROCEDURES USED TO ASSESS DATA PRECISION

ACCURACY, AND COMPLETENESS

Procedures used to assess data precision and accuracy will be in accordance with 44 FR
69533 "Guidelines Establishing Test Procedures for the Analyses of Pollutants", Appendix II
Example Quality Assurance and Quality Control Procedures for Organic Priority Pollutants",

December 3, 1979. Completeness is recorded by comparing the number of parameters initially
analyzed with the number of parameters successfully completed and validated. For this project,
a target control limit of greater than 90 percent will be used.

Accuracy
The percent recovery is calculated as:

% =225 x 100
where: S, = The background value, i.e., the value obtained by
analyzing the sample.
S = Concentration of the spike added to the sample.
S, = Value obtained by analyzing the sample with the
spike added.
% = Percent recovery.
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Precision

The relative percent difference is calculated as:

(Vi Va) - % di
1/2 x 2 +V2)x 100 = % difference
where: V,, V, = The two values obtained by analyzing the

duplicate samples.

Completeness
Completeness will be reported as the percentage of all measurements made whose results

are judged to be valid. The following formula will be used to estimate completeness:

_ \"
C=100X T
where: C = Percent completeness.

V = Number of measurements judged valid.
T = Total number of measurements.

5.12 CORRECTIVE ACTION

The acceptance limits for the sampling and analyses under this program will be those
stated in the method or defined by other means in the QAPP. Corrective actions are often
immediate in nature, implemented by the analyst or Project Manager. The corrective action

hsually involves recalculation, reanalysis, or repeating sample collection.

5.12.1 Immediate Corrective Action

If an immediate coﬁective action can be taken as part of normal operating procedures,
the collection of poor quality data can be avoided. Instrument and equipment malfunctions are
amenable to this type of action. QC procedures include troubleshooting guides and corrective
action suggestions. The actions taken will be noted in field or laboratory notebooks, but no
other formal documentation is required, unless further corrective action is necessary. These
on-the-spot corrective actions are an everyday part of the QA/QC system.

Corrective action during the field sampling portion of a program is most often a result
of equipment failure or an operator oversight and may require repeating a sampling run.

Operator oversight is best avoided by having field crew members audit each others’ work before
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and after a test. Every effort will be made by the field team leader to ensure that all QC
procedures are followed. If potential problems are not solved as an immediate corrective action,
TRC will apply formalized long-term‘ corrective action, if necessary.

Corrective action for analytical work will include recalibration of instruments, reanalysis
of known QC samples and, if necessary, reanalysis of actual field samples. Specific QC
procedures and checklists are used by the laboratory to help analysts detect the need for
corrective action. Often the person’s experience will be valuable in alerting the operator to

suspicious data or malfunctioning equipment.

5.12.2 Long-Term Corrective Action

The need for long-term corrective action may be identified by standard QC procedures,
control charts, performance or system audits. Any quality problem which cannot be solved by
immediate corrective action falls into the long-term category. The TRC QA system ensures that
the quality problem is reported to a person responsible for correcting it, and who is part of a
closed-loop action and follow-up plan.

The essential steps in the closed-loop corrective action system are listed below:

Identify and define the problem;

Assign responsibility for investigating the problem;

Investigate and determine the cause of the problem;

Determine a corrective action to eliminate the problem;

Assign and accept responsibility for implementing the corrective action;
Establish effectiveness of the corrective action and implement it; and
Verify that the corrective action has eliminated the problem.

Documentation of the problem is important to the system. A Corrective Action Request
Form is filled out by the person finding the quality problem. This form identifies the problem,
possible causes, and the person responsible for action on the problem. The responsible person
may be an analyst, field team leader, QC coordinator, or the QA Officer. If no person is
identified as responsible for action, the QA Officer investigates the situation and determines who
is responsible in each case.

The Corrective Action Request Form includes a description of the corrective action
planned and the date it was taken, and space for follow-up. The QA Officer checks to be sure

that initial action has been taken and appears effective and, at an appropriate later date, checks
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again to see if the problem has been fully solved. The QA Officer receives a copy of all
Corrective Action Forms and enters them in the Corrective Action Log. This permanent record
aids the QA Officer in follow-up and makes any quality problems visible to management. The

log may also prove valuable in listing a similar problem and its solution.

5.12.3 Out-of-Control Events and Corrective Action
Procedures are outlined as to what corrective action is taken if an out-of-control event
occurs, and how it is documented and used to improve laboratory performance. Procedures for
assuring that results for samples processed during out-of-control conditions are not reported are
also outlined, as well as the conditions necessary to reestablish control and criteria for assuring
the system is operating properly. The documentation is easily used by all personnel and is part
of routine laboratory procedure.
It is recognized that several levels of out-of-control events may occur. Three examples

are given below with corrective actions to be taken:

1.  Observations Corrected by Analyst at the Bench--The calibration of an instrument
is not linear. The analyst finds this and corrects it prior to continuing to analyze
samples. The laboratory documents this event and notes that the corrective action
was to recalibrate, and that no samples were affected as none were analyzed prior
to calibration.

2.  Corrective Actions Taken by Supervisor--A matrix spike recovery is out-of-control
and the laboratory supervisor finds this after the samples for the day have been
analyzed. The supervisor documents that the laboratory blank spiked with
surrogates or standards was in control and that other sample spikes were in control,
therefore, no re-analysis of the sample is required.

3. Corrective Actions at the Receiving Level--The sample container is broken. The
analyst notes this and documents whether or not more sample is available. If no
more sample is available, TRC is notified and the decision documented.

5-25.
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6.0 INITIAL DRAFT CONSTRUCTION QA/QC PROJECT PLAN

6.1 INTRODUCTION

A Quality Assurance/Quality Control (QA/QC) plan is developed to ensure that the
remedial system is constructed as specified in the design (quality assurance) and to allow
implementation of a system of inspections and tests to monitor and control the quality of the
construction project (quality control). The Construction Quality Assurance Plan guidance is
incorporated into the construction specifications as part of the Navy’s standard construction
documents and is implemented during remedial construction through the use of an Independent
Quality Assurance Team. The Construction Quality Control Plan is prepared by the remedial
action constructor and defines activities necessary to manage, control and document work so as

to ensure compliance with project requirements (i.e., plans and specifications).

6.2 INDEPENDENT QUALITY ASSURANCE TEAM

An Independent Quality Assurance Team will be established using the in-place Navy
system for management of construction projects for the capping of the McAllister Point Landfill.
The QA team will consist of separate consultants or "in-house" (e.g., Navy) personnel assigned
to the project. These personnel will be responsible for examining and testing various materials,
procedures, and equipment during construction activities. The qualifications and expertise of
the team members will be commensurate with the scope of the project. Members of the QA
Team will be independent of the constructor of the remedial action so that the results of the
quality assurance effort are unbiased and objective. At this stage in the remedial design effort,
identification of potential team members is premature. The final Construction QA/QC Project
Plan will define the responsibilities and authorities of the organizations and key personnel

involved in the design and construction of the remediation system.
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6.3 QUALITY ASSURANCE PLAN
The QA plan specification will require the contractor to detail the project QA

requirements. The plan will identify and define quality control measures to plan, check, and

review all work before it is delivered to the client or used for construction purposes. The plan

will establish the organization of the project and assign responsibility for various quality

assurance issues to the construction contractor, design engineer, "in-house" personnel and

appropriate regulatory agencies, as appropriate, for implementation during the remedial action

construction activities. Typical activities which will be monitored under the QA program include

the following:

Review of shop drawings, product data and samples;

Inspection of materials prior to installation to verify compliance with
specifications;

Construction monitoring;

Monitoring of installation, testing and sampling methods to verify
acceptance of materials used in construction; '

Establishment of a set of "record documents”, when required, based upon
information supplied by the contractor or vendor.

6.4 CONSTRUCTION QUALITY CONTROL ACTIVITIES
Construction quality control activities will be defined within the 35% complete remedial

action specifications package. These specifications will require submittal of a Quality Control

plan by the remedial contractor and will require that the plan include the following:

Name and qualifications, in resume format, for the QC Manager.

A letter signed by an officer of the firm appointing the QC Manager and
stating that he/she is responsible for implementing the QC program, as
described in the contract, and referencing the QC Manager’s authority to
direct the removal and replacement of non-conforming work.

Procedures for reviewing, approving and managing submittals.

6-2

TRC



Testing laboratory information.

A Testing Plan and Log that includes tests required, referenced by the
specification paragraph number requiring the test, the frequency, and the
person responsible for the test.

Procedures to identify, record, track and complete rework items.
Documentation procedures, including proposed report formats.

A listing of outside organizations, such as testing laboratories, architects,
and consulting engineers that will be employed by the Contractor and a
description of the services these firms will provide.

A list of the definable features of work, with a definable feature defined as

a task which is separate and distinct from other tasks and which requires
separate control requirements.
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TABLE 1

PRE—DESIGN SAMPLING SUMMARY
SITEO1 — MCALLISTERPOINT LANDFILL

SAMPLE ANALYSIS

ACTIVITY/ SCOPE OF WORK No. SAMPLES
SAMPLE MATRIX
TEST BORINGS 4 Locations each 4 Samples of native soil ® Incremental Consolidation Test (ASTMD—2435)
approximately 25 feet deep underlying the fill o Triaxial Compression Test with pore pressure
measurements (ASTMD-4785)
® Organic Content by Burning (ASTMD—2974)
e Combined Sieve and Hydrometer Analysis (ASTMD—422)
e Atterburg Limits (ASTMD-4318)
® Specific Gravity (ASTMD-854)
VAPOR WELLS AND 3 Vapor Wells & 8 Landfill Gas Samples ® Methane Content and Organic Solvent Scan by GC/MS
VAPOR PROBES 9 Vapor Probes
SEDIMENT SAMPLES 6 locations from the area at the 6 Sediment Samples ® Grain Size, Moisture Content, Total Solids, TOC, Specific
base of the landfill slope where Gravity, Total Sulfides, and Ammonia
shoreline protection will be placed 4 Sediment Samples e Full TCLP, TCL, and TAL, TPH, and Oil & Grease

and existing sediment removed

Note: TCL indicates the sample will be analyzed for Target Compound List parameters.
TAL indicates the sample will be analyzed for Target Analyte List parameters.
TCLP indicates the sample will be analyzed for Toxicity Characteristic Leaching Procedure parameters.
TPH indicates the sample will be analyzed for Total Petroleum Hydrocarbons.
TOC indicates the sample will be analyzed for Total Organic Carbon.
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TABLE 2

PHASE I CONTAMINANTS OF CONCERN

SOIL
Semivolatiles

Carcinogenic PAHs

Inorganics

Antimony
Arsenic
Beryllium
Copper
Lead
Zinc

Volatiles

MCALLISTER POINT LANDFILL

GROUND WATER
Semivolatiles -

Naphthalene
2-Methylnapthalene
1,4-Dichlorobenzene

Inorganics

Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead
Manganese
Mercury
Zinc

Volatiles

Benzene
Ethylbenzene
Toluene
Xylene

TRC



TABLE 3
SITE 01 - McALLISTER POINT LANDFILL
PERSONNEL PROTECTION SUMMARY

Activity Initial Level of Protection
Reconnaissance Survey D
Soil Boring Mod. D
Sediment Sampling Mod. D
Landfill Gas Pilot Study C
NOTE: The personnel protection levels will be upgraded or downgraded as conditions warrant

according to criteria specified in the project Health and Safety Plan (HASP).
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TABLE 4

SITE 01 - McALLISTER POINT LANDFILL

NETC Emergency Numbers:

Command Duty Officer
Security Office - Police
NETC Fire Protection
Public Works Trouble Desk

Utilities:

NETC Dig Safe
Rhode Island Dig Safe

Newport Emergency Numbers:

Newport Police Department
Newport Fire Department

Newport Hospital
General Number
Emergency Room
Poison Control Center

Additional Resources:

SITE EMERGENCY CONTACTS

841-3456 or 3457
841-3241
841-3333
841-4001

841-2464
800-225-4977

847-1306
846-2211

846-6400
846-6400 ext 1120
277-5727

Dr. Erdil - TRC Company physician

Immediate Medical Care
Hartford, Connecticut

Mr. James Peronto - TRC
Mr. Brad Wheeler - NETC

(203) 296-8330

(203) 289-8631
(401) 841-3735
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TABLE §

CONTAINERS AND PRESERVATION METHODS
FOR SOIL, SEDIMENT, AND LANDFILL GAS SAMPLES

Number
Containers Preservation Analytical
per Sample Sample Container Methods® Method Compounds
Organics
2 125 ml, wide-mouth glass, Cool, 40C CLP SOW TCL VOA
Teflon -lined cap
1 1-250 ml, wide-mouth amber Cool, 40C CLP SOW TCL-BNA,
glass, Teflon -lined cap Pest/PCB
1 1-125 ml, wide-mouth glass ~ Cool, 4°C EPA 1311 TCLP
Teflon -lined cap .
1 1-125 ml, wide-mouth glass Cool, 4oC EPA 418.1 Total Petroleum
Teflon -lined cap Hydrocarbons
1 1-950 ml, wide-mouth amber Cool, 40C EPA 413.1 Oil & Grease
glass Teflon -lined cap -
Inorganics
1 250-ml, wide-mouth glass, Cool, 40oC CLP sOW® Metals
Teflon -lined cap
1 1000 ml, wide-mouth glass NA ASTMDA422-63 Grain Size
1 500 ml, wide-mouth glass, Cool, 40C SW 9060, TOC, Total
Teflon-lined cap EPA 376.1, Sulfides,
EPA 350.1 Ammonia
Landfill Gas
1 6-liter Tedlar bag Dark, Cool GC/MS VOCs
Modified T01/T02
VOA = Volatile Organic Analyses.
TCL = Target Compound List.
BNA = Base Neutral and Acid Extractable Analyses.
Pest/PCB = Pesticide/PCB Analyses.
TCLP = Toxicity Characteristic Leaching Procedure (VOCs, SVOCs, Herb., Pest., PCBs).
CLP SOW = Contract Laboratory Program - Statement of Work.

(e)

®)

Organics - SOW 3/90, revised July 1991.
Inorganics - SOW 3/90, revised September 1991,

Samples will be stored in a refrigerated, dark area.

Metals analyses, except mercury, will be performed by the furnace atomic absorption (As, Pb, Se, Tl) and
inductively coupled plasma (ICP) atomic emission spectrometric methods. Mercury will be analyzed by the manual
cold vapor atomic absorption method.
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TABLE 6
HOLDING TIMES FOR SOIL AND SEDIMENT SAMPLES

CLP Holding Time for Samples
Parameter Aqueous Soil/Sediment/Waste
TCL Volatile Organic 10 days from VTSR 10 days from VTSR
Compounds
TCL Base Neutral/Acid 5 days to extraction 7 days®" extraction
Extractable Compounds from VTSR; 40 days from VTSR; 40 days
from extraction from extraction
TCL Pesticide/PCB Compounds 5 days to extraction; 7 days® to

40 days from extraction  extraction; 40 days
from extraction

Total Petrgleum Hydrocarbons 28 Days® ) 28 Days

TAL Metals 6 months; except Hg - 6 months; except Hg -
26 days 26 days

TOC 28 Days® 28 Days

Total Sulfides 7 days NE

Ammonia (Nitrogen) 28 ;iays NE

NE = Not Established; no holding times established according to the CLP SOW or applicable methods.
NA = Not Applicable.

VTSR = Verified Time of Sample Receipt.

™ = U.S. EPA Region I requirement.

@ = If preserved with H,SO, or HCL to pH <2.
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TABLE 7
TARGET COMPOUND LIST (TCL) VOLATILE
COMPOUNDS AND DETECTION LIMITS

Detection Limits®

Water Low Soil/Sediment®
Volatiles CAS Number (ug/b (ug’kg)
Chloromethane 74-87-3 10 10
Bromomethane 74-83-9 10 10
Vinyl chloride 75-01-4 10 10
Chloroethane 75-00-3 10 10
Methylene chloride 75-09-2 10 10
Acetone 67-64-1 10 10
Carbon disulfide 75-15-0 10 10
1,1-Dichloroethene 75-35-4 10 10
1,1-Dichloroethane 75-35-3 10 10
1,2-Dichloroethene 156-60-5 10 10
(total)
Chloroform 67-66-3 10 10
1,2-Dichloroethane 107-06-2 10 10
2-Butanone 78-93-3 10 10
1,1,1-Trichloroethane 71-55-6 10 10
Carbon tetrachloride 56-23-5 10 10
Bromodichloromethane 75-27-4 10 10
1,2-Dichloropropane 78-87-5 10 10
cis-1,3-Dichloropropene 10061-01-5 10 10
Trichloroethene 79-01-6 10 10
Dibromochloromethane 124-48-1 10 10
1,1,2-Trichloroethane 79-00-5 10 10
Benzene 71-43-2 10 10
trans-1,3-Dichloropropene 10061-02-6 10 10
Bromoform 75-25-2 10 10
4-Methyl-2-pentanone 108-10-1 10 10
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TABLE 7 (Continued)
TARGET COMPOUND LIST (TCL) VOLATILE
COMPOUNDS AND DETECTION LIMITS

Detection Limits®

v Water Low Soil/Sediment®™

Volatiles CAS Number (ug/) (ug’kg)
2-Hexanone 591-78-6 10 10
Tetrachloroethene 127-18-4 10 10
Toluene 108-88-3 10 10
1,1,2,2-Tetrachloroethane 79-34-5 10 10
Chlorobenzene 108-90-7 10 10
Ethyl benzene 100-41-4 10 10
Styrene 100-42-5 10 10
Total xylenes 1330-20-7 10 10 -

(a)

(V]

Note:

Detection limits listed for soil/sediment are based on wet weight. The detection limits calculated for soil/sediment

calculated on dry weight basis will be higher.

Medium soil/sediment detection limits for volatile TCL compounds are 120 times the individual low soil/sediment

detection limits.

Specific detection limits are highly matrix dependent. The detection limits listed herein are provided for

guidance and may not always be achievable.
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TABLE 8
TARGET COMPOUND LIST (TCL) SEMIVOLATILE
COMPOUNDS AND DETECTION LIMITS

Detection Limits®

Water Low Soil/Sediment®™
Semivolatiles CAS Number (ug/l) (ug/kg)
Phenol 108-95-2 10 330
Bis(2-chloroethyl)ether 111-44-4 10 330
2-Chlorophenol 95-57-8 10 330
1,3-Dichlorobenzene 541-73-1 10 330
1,4-Dichlorobenzene 106-46-7 10 330
1,2-Dichlorobenzene 95-50-1 10 330
2-Methylphenol 95-48-7 10 330
2,2’-0xybis(1-Chloropropane)® 108-60-1 10 330
4-Methylphenol 106-44-5 10 330
N-Nitroso-di-n-propylamine 621-64-7 10 330
Hexachloroethane 67-72-1 10 330
Nitrobenzene 98-95-3 10 330
Isophorone 78-59-1 10 330
2-Nitrophenol 88-75-5 10 330
2,4-Dimethylphenol 105-67-9 10 330
Bis(2-chloroethoxy)methane 111-91-1 10 330
2,4-Dichlorophenol 120-83-2 10 330
1,2,4-Trichlorobenzene 120-82-1 10 330
Naphthalene 91-20-3 10 330
4-Chloroaniline 106-47-8 10 330
Hexachlorobutadiene 87-68-3 10 330
4-Chloro-3-methylphenol 59-50-7 10 330
(para-chloro-meta-cresol)
2-Methylnaphthalene 91-57-6 10 330
Hexachlorocyclopentadiene 77474 10 330
2,4,6-Trichlorophenol 88-06-2 10 330
2,4,5-Trichlorophenol 95-95-4 25 800
2-Chloronaphthalene 91-58-7 10 330
2-Nitroaniline 88-74-4 25 800
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TABLE 8 (Continued)

TARGET COMPOUND LIST (TCL) SEMIVOLATILE

COMPOUNDS AND DETECTION LIMITS

Detection Limits®

Water Low Soil/Sediment®™
Semivolatiles CAS Number (ug/D) (ug/kg)
Dimethylphthalate 131-113 10 330
Acenaphthylene 208-96-8 10 330
2,6-Dinitrotoluene 606-20-2 10 330
3-Nitroaniline 99-09-2 25 800
Acenaphthene 83-32-9 10 330
2,4-Dinitrophenol 51-28-5 25 800
4-Nitrophenol 100-02-7 25 800
Dibenzofuran 132-64-9 10 330
2,4-Dinitrotoluene 121-14-2 10 330
Diethylphthalate 84-66-2 10 330
4-Chlorophenyl-phenylether 7005-72-3 10 330.
Fluorene 86-73-7 10 330
4-Nitroaniline 100-01-6 25 800
4,6-Dinitro-2-methylphenol 534-52-1 25 800
N-nitrosodiphenylamine 86-30-6 10 330
4-Bromophenyl-phenylether 101-55-3 10 330
Hexachlorobenzene 118-74-1 10 330
Pentachlorophenol 87-86-5 25 800
Phenanthrene 85-01-8 10 330
Anthracene 120-12-7 10 330
Carbazole 86-74-8 10 330
Di-n-butylphthalate 84-74-2 10 330
Fluoranthene 206-44-0 10 330
Pyrene 129-00-0 10 330
Butylbenzylphthalate 85-68-7 10 330
3,3’-Dichlorobenzidine 91-94-1 10 330
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TABLE 8 (Continued)
TARGET COMPOUND LIST (TCL) SEMIVOLATILE
COMPOUNDS AND DETECTION LIMITS

Detection Limits®

Water Low Soil/Sediment®
Semivolatiles CAS Number (ugh) (ug/kg)
Benzo(a)anthracene 56-55-3 10 330
Chrysene 218-01-9 10 330
Bis(2-ethylhexyl)phthalate 117-81-7 10 330
Di-n-octylphthalate 117-84-0 10 330
Benzo(b)fluoranthene 205-99-2 10 330
Benzo(k)fluoranthene 207-08-9 10 + 330
Benzo(a)pyrene 50-32-8 10 330
Indeno(1,2,3-cd)pyrene 193-39-5 10 330
Dibenzo(a,h)anthracene 53-70-3 10 330
Benzo(g,h,i)perylene 191-24-2 10 330
© Detection limits listed for soil/sediment are based on wet weight. The detection limits calculated for soil/sediment
calculated on dry weight basis will be higher.
® Medium soil/sediment detection limits for semivolatile TCL compounds with a low detection limit of 330 ug/kg are
10,000 ug/kg; for semivolatiles with a low detection limit of 800 ug/kg, they are 25,000 ug/kg.
@ Previously known by the name bis(2-chloroisopropyl)ether.
Note: Specific detection limits are highly matrix dependent. The detection limits listed herein are provided for guidance

and may not always be achievable.

°
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TABLE 9

TARGET COMPOUND LIST (TCL) PESTICIDES, PCBs,

AND DETECTION LIMITS

Detection Limits®

Water Soil/Sediment®™
Pesticides/PCBs CAS Number (ug/D (ug’kg)

alpha-BHC 319-84-6 0.05 1.7
beta-BHC 319-85-7 0.05 1.7
delta-BHC 319-86-8 0.05 1.7
gamma-BHC (Lindane) 58-89-9 0.05 1.7
Heptachlor 76-44-8 0.05 1.7
Aldrin 309-00-2 0.05 1.7
Heptachlor epoxide 1024-57-3 0.05 1.7
Endosulfan I 959-98-8 0.05 1.7
Dieldrin 60-57-1 0.10 33
4,4’-DDE 72-55-9 0.10 33
Endrin 72-20-8 0.10 33
Endosulfan II 33213-65-9 0.10 33
4,4-DDD 72-54-8 0.10 33
Endosulfan sulfate 1031-07-8 0.10 33
4,4-DDT 50-29-3 0.10 33
Methoxychlor 72-43-5 0.50 17.0
Endrin ketone 53494-70-5 0.10 33
Endrin aldehyde 7421-93-4 0.10 33
alpha-Chlordane 5103-71-9 0.05 1.7
gamma-Chlordane 5103-74-2 0:05 1.7
Toxaphene 8001-35-2 5.0 170.0
AROCLOR-1016 12674-11-2 1.0 33.0
AROCLOR-1221 11104-28-2 2.0 67.0
AROCLOR-1232 11141-16-5 1.0 33.0
AROCLOR-1242 53469-21-9 1.0 33.0
AROCLOR-1248 12672-29-6 1.0 33.0
AROCLOR-1254 11097-69-1 1.0 33.0
AROCLOR-1260 11096-82-5 1.0 33.0
@ Detection limits listed for soil/sediment are based on wet weight. The detection limits calculated for soil/sediment

calculated on dry weight basis will be higher.

®)

of pesticides/aroclors.

There is no differentiation between the preparation of low and medium soil samples in this method for the ?analysis

Note:  Specific detection limits are highly matﬁx dependent. The detection limits listed herein are provided for guidance and
may not always be achievable.
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TABLE 10
SURROGATE SPIKE RECOVERY RANGE

Water Soil/Sediment
Fraction Surrogate Compounds % Recovery % Recovery
Volatiles Toluene-dg 88-110 84-138
Bromofluorobenzene 86-115 59-113
1,2-Dichloroethane-d, 76-114 70-121
Semi-Volatiles Nitrobenzene-ds 35-114 23-120
2-Fluorobiphenyl 43-116 30-115
Terphenyl-d,, 33-141 18-137
Phenol-d, 10-110 24-113
2-Fluorophenol 21-110 25-121
2,4,6-Tribromophenol 10-123 19-122
2-Chlorophenol-d, 33-110 (20-130)®
1,2-Dichlorobenzene-d, 16-110 (20-130)®
Pesticides Tetrachloro-m-xylene (60-150)® (60-150)@
Decachlorobiphenyl (60-150)® (60-150)®

®  Advisory limits only
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TABLE 11
TARGET ANALYTE LIST (TAL) INORGANICS AND
CONTRACT REQUIRED DETECTION LIMITS (CRDL)®

Detection Limit

Element Water (ug/h Low Soil/Sediment (ug/g)
Aluminum 200 40
Antimony 60 12
Arsenic 10 2
Barium 200 40
Beryllium 5 1
Cadmium 1.5¢ 1
Calcium 5,000 1,000
Chromium 10 2
Cobalt 50 10
Copper 12¢ 5
Iron 100 20
Lead 3 1
Magnesium 5,000 1,000
Manganese 15 3
Mercury 0.05° 0.1
Nickel 40 8
Potassium 5,000 1,000
Selenium 5 1
Silver 1° 2
Sodium 5,000 1,000
Thallium 10 2
Vanadium 50 10
Zinc 20 4
Cyanide 10 1

@ Specific detection limits are highly matrix dependent. The detection limits listed herein are provided for

guidance and may not always be achievable. Soil/sediment CRDLs are based on sample wet weights. Dry
weight CRDLs will depend on the moisture content of the individual samples.

b Different aliquot.

° Obtain CRDL by using Graphite Furnace Atomic Absorption (AA).
d Obtain CRDL by using Inductively Coupled Plasma (ICP).

° Obtain CRDL by using Cold Vapor Atomic Absorption (AA).
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TABLE 12
LANDFILL GAS COMPOUNDS

Compound List CAS No.
Methyl-t-Butyl Ether 1634-04-4
Chloroform 67-66-3
Methyl Chloroform 71-55-6
Cyclohexane Ny 110-82-7
Carbon Tetrachloride 56-23-5
n-Heptane 182-82-5
Benzene 71-43-2
1,2-Dichloroethane 107-06-2
Trichloroethene 79-01-6
1,2-Dichloropropane 78-87-5
Toluene 108-88-3
Tetrachloroethene 127-18-4
Ethylene Dibromide 106-93-4
Chlorobenzene 108-90-7
Ethyl Benzene 100-41-4
o-Xylene 95-47-6
1-Methylethyl Benzene 08-82-8
Bromoform 75-25-2
Benzyl Chloride 100-44-7
o-Chlorotoluene 106-43-4
0-Dichlorobenzene 106-46-7

Notes:

The above listed compounds are used as calibration standards for Environmental Health
Laboratories of Cromwell Connecticut for Modified EPA Methods TO1/T02 analyses
(August 1993).
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1.0 AMBIENT SURVEYS

Ambient surveys provide a means of measuring concentrations of volatile organic
compounds, and combustible gases and oxygen during field exploration activities. Data
produced from ambient surveys provide "real time" data from which field personnel may
monitor site hazards, and act accordingly.

The following two ambient survey techniques will be used throughout the course of the

pre-design investigations at the landfill.

° Volatile Organic Compound Survey
o Combustible Gas and Oxygen Survey

1.1 VOLATILE ORGANIC COMPOUND SURVEY

An ambient air monitoring program will be conducted prior to and during field
exploration activities. An OVA Flame Ionization detector (FID) (Century Organic Vapor
Analyzer OVA 128, or equivalent) and/or a photoionization detector (PID) (HNu Model PI-101
Photoanalyzer with 10.2 eV lamp, or equivalent) will be used to survey the site area prior to
sampling activities to site background conditions. During the test boring and sampling activities
these instruments will also be used to continuously monitor ambient and sample concentrations
for the presence of volatile organic vapors.

Since instruments performing measurements have inherent limitations arising from
equipment limitations (fluctuations or drift) and changes in ambient conditions, instrument
adjustments may be required to maintain their calibration. Calibration checks of the HNu and
OVA will be preformed a minimum of twice per day (at the beginning and end of each day).
The OVA and HNu will be calibrated with a hydrocarbon-free "zero" gas and a known
hydrocarbon concentration. The OVA and HNu calibration gases consist of concentrations of
10 ppm methane in air and approximately 54 ppm isobutylene in air, respectively. Changes in

instrument settings will be noted in the field notebooks under instrument calibration.

- APPENDIX A, Page 1 -
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1.2 COMBUSTIBLE GAS AND OXYGEN SURVEY

Prior to initiating site exploration activities, the landfill will be screened for combustible
gases and oxygen with a combination combustible gas (lower explosive limit - LEL) and oxygen
(O,) meter. During subsurface explorations, an LEL/O, meter will also be used continuously
to measure for combustible gases and oxygen. The LEL/O, meter will be calibrated a minimum

of twice per day (start and finish) with a pentane gas/oxygen mixture.

- APPENDIX A, Page 2 -
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2.0 SEDIMENT SAMPLING

Sediment samples will be collected from along the shoreline of the landfill. The
collection of sediment samples is intended to characterize the material which may be excavated
for placement of shoreline protection features as required by RIDEM, Division of Water

Resources for excavation activities (dredging) below the mean high water level.

2.1 SEDIMENT SAMPILING METHODS

Sediment samples will be collected with a precleaned two-inch diameter by two-foot long
fiberglass hand coring device. This device will be equipped with a top mounted check valve to
prevent sample washout during retrieval through the overlying water column (e.g., if a high tide)
Core liners will be constructed of fiberglass or similar material. Core ends will be screened
with a flame or photo-ionization detector for the presence of organic vapors immediately upon
collection and all readings recorded. The portion of the core which indicates evidence of
contamination (e.g. odors, discoloration, etc.) will be retained for laboratory analysis. In the
absence of obvious zones of contamination, a composite sample will be retained from the entire
2-foot core. In general, sediment samples will be collected over the depth interval which may
be excavated for the placement of shoreline revetment. Presently this interval is anticipated to
extend from approximately two to four feet below existing ground surface. Therefore, to
characterize sediment or soil conditions near the base of the excavation, a subset of sediment
samples will be collected from the two to four foot deep interval. The remainder of the samples
will be collected as described above, from the upper two feet of sediment. ,

In the event that stones or other material precludes effective use of the above sampling
devices, sediment samples will be collected with a spade and spoon. All sediment samples
(except VOC aliquot) will be thoroughly mixed in a stainless steel bowl prior to their placement
into sample containers. Sediment sample VOC aliquots will be immediately removed from the
bowl prior to mixing and placed in an appropriate sample container. Attempts will be made to
remove rocks, weeds, water, and other non-sample matrix materials from the sediment sample
matrix to ensure that each sediment sample contains greater than 30% solids. The physical and
geologic characteristics of each sediment sample will also be recorded in a field notebook.
Sample cores will be stored at approximately 4 degrees Centigrade following collection and VOC

screening.

- APPENDIX A, Page 3 -
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2.2 SEDIMENT SAMPLE DESIGNATIONS

Sediment samples submitted for laboratory analyses will be assigned a designated field
identification number which will reference the site number, sample type, sample location, sample

number, and sampling date. Below is an example of a sediment sample identification number:

Example: MP-SD1-040593
where: MP = McAllister Point Landfill
SD = Sediment Sample

1 = Sample Number
100893 = Sampling Date (October 8, 1993)

- APPENDIX A, Page 4 -
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3.0 TEST BORINGS

Subsurface test borings will be conducted to aid in assessing the presence and nature of
subsurface soil/fill conditions at the landfill. If required by field conditions the rationale for any
deviations to the McAllister Point Landfill sampling plan will be discussed with representatives
of the Navy, EPA, and RIDEM prior to implementation of such modifications.

3.1 SAMPLING STRATEGY AND LOCATION

Test borings will be drilled and sampled to aid in assessing subsurface soil characteristics
and the nature of soil contamination at individual sites. When appropriate, site background
information and the findings and results of previous investigations were used in establishing the

test boring plan.

3.2 SUBSURFACE SOIL BORING AND SAMPLING METHODS

Split spoon soil samples will be collected at 2.0-foot intervals from each borehole.
Standard penetration tests [ASTM D1586-84 (1984)] will be conducted for every 2.0-foot
sampling interval. The physical characteristics of each soil sample will be geologically logged
and generally described in a field notebook. General observations which may be described
include staining, odors, fill material, and wastes. Soil samples to be submitted for laboratory
analyses will be transferred from the split spoon to the sample container with a dedicated
stainless-steel spoon. The portion of the sample which will be analyzed for VOCs will be
transferred directly into sample container(s). All other analytical fractions will be homogenized
prior to filling sampling containers. Sampling equipment (e.g., augers, drilling rods, spoons)
will be decontaminated prior to each use as described in the quality assurance/quality control
portion of the Work Plan. Split spoon soil samples will be monitored for the presence of total
vOC vai)ors with an organic vapor analyzer immediately upon opening. Field observations will

be recorded in a field notebook.

- APPENDIX A, Page 5 -
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At sites or boring locations open to the public, test borings will be backfilled to within
1.0 foot of the ground surface, after which a cement-bentonite grout will be used to "top-off"
the hole to minimize potential future human exposure to contaminated drill cuttings. Remaining
drill cuttings will be handled as described in the Investigation Derived Waste Plan provided as
Appendix A of this Work Plan. '

3.3 TEST BORING SAMPLE DESIGNATION l
Test boring samples submitted for laboratory analyses will be assigned a designated field

identification number which will reference the site number (McAllister Point Landfill - Site 01),
sample type, sample location, sample number, and sampling date. Below is an example of a test

boring soil sample identification number:

Example: MP-B42-041293
where: MP = McAllister Point Landfill
B4 = Test Boring Location Number

2 = Second Sample Interval
100693 = Sampling Date (October 6, 1993)

- APPENDIX A, Page 6 -

TRC



4.0 LANDFILL GAS EXTRACTION WELLS AND VAPOR PROBES

Landfill gas extraction wells and vapor probes will be installed to aid in assessing the
nature and extent of any subsurface landfill gasses which may be present at the site. In
addition, these borings will be used to provide information on subsurface soil/waste

characteristics.

4.1 WELL LOCATIONS
If available, information obtained from initial Phase II RI field activities (e.g., test
borings, soil gas sampling, geophysical surveys) may be used to "fine tune" the final vapor

extraction well locations at the site, as justified by the information.

4.2 WELL BORING, DRILLING AND SOIL. SAMPLING METHODS

The boreholes for extraction wells will be advanced using 8-inch minimum inside
diameter (I.D.) hollow-stem augers. Vapor probes will be advanced using minimum 4 1/4-inch
ID hollow-stem augers. Split spoon samples will be collected in vapor extraction wells at five-
foot intervals from ground surface until the split-spoon refusal (encountered boulders or
bedrock). The split-spoons will be advanced according to the standard penetration test method
[ASTM 1586-84 (1984)]. The standard penetration test defines split-spoon refusal as less than
six inches of penetration for 100 blows with a 140 pound hammer falling 30 inches in
conformance with ASTM 1586-84. The physical characteristics of each soil sample will be
visually characterized and geologically described in a field notebook. Split spoon samples will
also be monitored with a flame or photo-ionization detector (OVA or HNu). Observations will
be recorded in the field notebook.

Soil samples to be submitted for laboratory analyses will be transferred directly from the
split spoon to the sample container with a dedicated decontaminated stainless-steel spoon.
Sampling equipment (e.g., augers, drilling rods, split-spoons) will be decontaminated prior to
each use. '

The final depth of vapor extraction wells will be assessed by TRC field personnel.
Variables to be considered in establishing the final well depth will include material encountered,

- APPENDIX A, Page 7 -
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observed contamination, geologic material, depth to the water table, and site sampling
objectives.

Well boring drill cuttings will be handled in accordance with the Investigation Derived
Waste Plan described in Appendix A of this Work Plan.

4.3 EXTRACTION WELL AND VAPOR PROBE CONSTRUCTION

Drilling and well/vapor probe activities will be subcontracted to a qualified well drilling
firm. On-site drilling activities will be conducted under the supervision of a TRC
geologist/engineer.

Landfill gas extraction well construction specifications for this project include the

following:

Twelve inch borehole (minimum);

Four-inch inside diameter PVC riser and screen,;

Threaded or press joints only on PVC pipe (no glued joints);

Silica (quartz) sand backfill to one foot above the screened interval,

Two foot minimum thick bentonite seal above the sand pack;

All casing sealant and drilling fluids will be mixed with potable water;

Vented well cap; and

Steel casing with a locking cap will be securely set in cement over the well casing
stick up and a minimum of three feet below the ground surface. Wells will be
clearly numbered on casing.

A typical gas extraction well is shown in Figure A-1.

Consistent with State of Rhode Island ground water regulations (even though these are
vapor extraction wells); the joints on PVC well material will be fitted with an "O" ring or
wrapped with teflon tape. The well screen slot size shall retain at least 90% of the grain size
of the filter pack. A bottom cap and a sump sediment trap shall be installed. The ground
surface seal will be flared such that the diameter at the top is greater than the diameter at the
bottom. The top of the ground surface seal shall be sloped away from the well casing and shall

be imprinted with the designation of the monitoring well.

- APPENDIX A, Page 8 -
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Well screen and riser lengths may vary for each extraction well. In general, screen
lengths for extraction wells will extend from approximately four to five feet below ground
surface to two to three feet above the highest daily ground water elevation. Well riser lengths
will be field-determined so the top of the casing extends approximately one to two feet above
the ground surface for wells with stick-up protective casing and approximately four to six inches
below grade for wells with flush-mounted curb boxes. The driller and TRC geologist/engineer
will maintain accurate written logs of the well construction details.

The vapor probe drilling activities will be performed by the drilling subcontractor under
. the supervision of a TRC geologist/engineer. Construction specifications for the vapor probes

includes the following:

® 3-inch borehole (minimum);

® 1-inch inside diameter PVC riser;

® Threaded or pressed joints only on PVC pipe (no glued joints);
® Silica (quartz) sand backfill to 1 foot above the screened interval;
® 2-foot thick bentonite seal above the sand pack;

® Backfill drilling materials to 2 feet below ground surface;

® Portland cement grout to surface;

® Vented cap; and

® Vapor Probe numbers will be clearly labelled on the casing.

A typical vapor probe well is shown in Figure A-2.

- APPENDIX A, Page 9 -
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5.0 LANDFILL GAS SAMPLING

5.1 LANDFILL GAS SAMPLING METHODS
Gas samples will be collected from each vapor probe using Tedlar gas sample bags in

accordance with EPA Method 18, as indicated on Figure A-3. Using this method, the Tedlar

bag is directly connected to the 1/4" Teflon gas well sample line, which eliminates the potential
for ambient air infiltration through plumbing leaks.

Prior to sampling, the well will be purged of two well volumes of air. The Tedlar
sampling bags will be at least six liters in volume to provide adequate sample for each screening
analysis, as well as the laboratory quality control analysis. Duplicate samples will be collected
on select samples as a backup in the event of bag leakage.

5.2 LANDFILL GAS SAMPLE DESIGNATION ,

Landfill ‘gas samples submitted for laboratory analyses will be assigned a designated field
identification number which will reference the site number (McAllister Point Landfill - Site 01),
vapor probe network, sample location, sample number, and sampling date. Below is an example

of a landfill gas sample identification number:

Example: MP-VPA-1-041293
where: MP = McAllister Point Landfill
VPA = Vapor Probe Network A

1 = Probe location 1
100693 = Sampling Date (October 6, 1993)

- APPENDIX A, Page 10 -
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6.0 LAND SURVEYING

Following the completion of field exploration activities the site will be surveyed by a
State of Rhode Island registered surveyor. The physical site features will be reproduced on a
topographic site plan (40 scale) with a one-foot contour interval from mean low water to the
Defense Highway. Cross sections of the project area will be surveyed at 100-foot intervals.
Shots will be taken along the cross sections at every 50 feet and at major topographic breaks.
Wetlands flagging will be identified on the‘site topographic plan. In addition, three recoverable
points will be established at the landfill with set horizontal and vertical coordinates. All
elevations will be referenced to a United States Geological Survey benchmark - mean low water

level (mlw) to the nearest 0.01 foot.

- APPENDIX A, Page 11 -

TRC



VARIABLE
4-5 FEET

1 FOOT

LOCKING CAP WITH AIR VENT

STEEL CASING WITH LOCKING CAP
6 INCH DIAMETER (MINIMUM)

CONCRETE PAD, SLOPED TO DRAIN

GROUND SURFACE
"MINIMUM 1 FOOT

BENTONITE PELLET SEAL
(2 FT. MINIMUM LENGTH)

,-, 2—INCH DIAMETER, FLUSH JOINT PVC

THREADED PIPE

12—INCH NOMINAL DIAMETER BOREHOLE

4—INCH DIAMETER SCHEDULE 40
FLUSH JOINT PVC WELL SCREEN

SAND PACK

BOTTOM PLUG

2-3 FEET ABOVE GROUND
WATER TABLE

TRC 5 Waterside Crossing

Windsor, CT 06095

TRC Environmental Corporation (203) 289-8631

NAVAL EDUCATION AND NEWPORT

TRAINING CENTER RHODE ISLAND
FIGURE A-1.

TYPICAL SOIL VAPOR EXTRACTION WELL

Date: 8/93 |Drawing No. 14282-Q101




142829

15 FEET

10 FEET

4s—— SAND PACK

LOCKING CAP WITH AIR VENT

CONCRETE PAD, SLOPED TO DRAIN
GROUND _SURFACE
MINIMUM 1 FOOT

BENTONITE PELLET SEAL
(2 FT. MINIMUM LENGTH)

1/4 INCH TEFLON TUBING

1-INCH DIAMETER, FLUSH JOINT PVC
THREADED PIPE

NATIVE BACKFILL

8—-INCH NOMINAL DIAMETER BOREHOLE

2 FOOT BENTONITE PELLET SEAL

1-2" SAND ABOVE SCREEN

1—-INCH DIAMETER SCHEDULE 40
FLUSH JOINT PVC WELL SCREEN

BOTTOM PLUG

4—-6 FEET ABOVE
GROUND WATER TABLE

TRC 5 Waterside Crossing
Windsor, CT 06095

TRC Environmental Corporation (203) 289-8631

NAVAL EDUCATION AND NEWPORT

TRAINING CENTER RHODE ISLAND
FIGURE A-2.

TYPICAL SOIL VAPOR PROBE

Date: 8/93 |Drawing No. 14282-Q101




SAMPLE —P

IN

VAPOR WELL PROBE

GROUND

N

77

LTI

rrrr/

CONNECTS

QUICK

{

\

1

!

! \

TEDLAR BAG \

! \
]
{
|

7
\_ P 4
RIGID LEAK
PROOF BOX

5 Waterside Crossing
Windsor, CT 06095
(203) 289-8631

TRC

TRC Environmental Corporation

NEWPORT
RHODE ISLAND

NAVAL EDUCATION AND
TRAINING CENTER

FIGURE A-3.
INTEGRATED BAG SAMPLING TRAIN

Date: 8/93 {Drawing No. 14282-Q101




APPENDIX B

INVESTIGATION-DERIVED WASTE PLAN

TRC



APPENDIX B
INVESTIGATION-DERIVED WASTE PLAN

1.0 WASTE MANAGEMENT

Investigation-derived waste (IDW) material includes material generated as a result of site
investigation activities. These materials include auger cuttings, ground water development and
sampling purge water, decontamination fluids, and expendable personnel protective equipment.
During the course of the pre-design field exploration activities, care will be taken to minimize
the amount of IDW material which is generated and handled.

Generally, IDW materials will be placed in DOT-approved 55-gallon drums. Drums will
be filled to no more than 90 percent of capacity to allow for the potential expansion of waste
material. Drums will be marked with labels and indelible liquid chalk pens by field investigation
personnel. Drum labels will be of a contrasting color (e.g., yellow) relative to the drums (e.g.,

black). Information recorded on the drums and labels will include:

® generator (US Navy, Naval Education Training Center, Newport, Rhode
Island, 02841)

® generator EPA identification number,

® source (e.g., site, well number),

® date(s) of generation,

® matrix (e.g., soil, water, etc.), and

® notes (e.g., odors, non-aqueous phase liquids, etc.)

The handling of specific IDW materials is described below. The handling and disposal
of all IDW materials will be the responsibility of the US Navy with assistance provided by TRC.

RIDEM and EPA - Region I will be consulted regarding the final disposition of all IDW

material.
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Investigation-Derived Waste Plan Appendix B
Page B-2

1.1 SOILS

Solid material derived from the subsurface exploration program (e.g., auger spoils, split
spoon samples, etc.) will be continuously observed for evidence of potential contamination (e.g.,
discoloration, odors, etc.) and monitored for the presence of VOCs using a photo and/or flame
ionization detector (PID or FID).

Drill cuttings produced from test borings which will not be used for the installation of
vapor extraction wells or vapor probes will be backfilled into their respective borings and a
cement-bentonite grout will be placed in the top one foot of the borehole as described in
Appendix C. Excess drill cuttings produced from vapor extraction and test probes will be
containerized in 55-gallon drums.

Drummed well boring cuttings will be segregated on pallets and staged on-site at the
completion of the drilling activities. The Navy will be responsible for staging all drums. Prior
to final disposition of these materials, the drums will be sampled and appropriately characterized
to determine the applicable disposal requirements.

If the analytical results indicate the absence of contamination, the associated drummed
soil will be returned to the ground surface near the respective source location. IDW material
will not be placed closer than ten feet, nor further than twenty feet from its source location. The
location(s) where any drill cuttings are placed will be recorded in a field notebook. EPA -
Region I and RIDEM will be consulted prior to redepositing any IDW materials at the site.

If characterization of the drums’ contents indicates the drill cuttings are hazardous, the
drummed IDW materials will be transported by a licensed waste hauler for treatment or disposal
in accordance with applicable state and federal regulations established under the Resource
Conservation and Recovery Act (RCRA).
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Investigation-Derived Waste Plan Appendix B
Page B-3

1.2 DECONTAMINATION SOLUTIONS

Downbhole drilling equipment (e.g., augers, rods, cutting heads) will be steam cleaned
prior to each use. Steam cleaning will be conducted in a designated heavy equipment
decontamination area. Rinse waters from steam cleaning will be recovered and contained within
drums for characterization and appropriate off-site treatment. Sediment/soil generated from
steam cleaning operations will be drummed separately for appropriate characterization and
proper disposal.

It is not anticipated that significant quantities of decontamination chemicals will be
generated on-site during these investigations since the majority of the sampling equipment will
be laboratory-decontaminated. However, decontamination chemicals used on-site (e.g., hexane,
methanol, nitric acid) and water (distilled and tap) for the decontamination of sampling
equipment (e.g., split spoons) will be separately collected, containerized, and labelled for proper

treatment or disposal.

1.3 EXPENDABLE EQUIPMENT

Generation of expendable equipment (e.g., tyvek coveralls, gloves, boot covers, etc.)
should be minimal based on the anticipated level of personnel protection (Level D) required
during these investigations. Any expendable equipment generated as a result of field
investigations will be placed into trash bags and disposed of in Newport Naval Base outdoor
refuse containers. Refuse containers to be used for such disposal will be designated by the
NETC Public Works Department. Expendable equipment which is known or believed to be
contaminated (e.g., oily gloves) will not be disposed of in refuse containers. Such equipment,
if any, will be drummed, labelled,~and segregated for future disposal.

TRC
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Addendum for Microsoft Windows/Spinnaker PLUS Version 2.0

Summary

HyperVentilate - the software guidance system created for vapor extraction applications is now
available for IBM-compatible computers. In general, this new version (v2.0) appears and
functions like the original Apple Macintosh HyperCard version. Due to differences in the
computer platform and operating environment, however, there are some minor modifications.
This addendum to the original users manual identifies those modifications.

HyperVentilate v2.01is a product of collaboration between Shell Oil Company and U.S. EPA, and
is still under evaluation. Should you encounter problems that you think are “bugs”, please write

to the author identifying the problem.

Modifications

. software platform

The original Hyperventilate program was developed and operated under the Apple
Macintosh HyperCard software environment, and initially there were no plans to develop
an IBM-compatible version. Due to popular demand; however, the author relented and
used the least painful method of adaption to the new platform. This was accomplished
through the use of Spinnaker PLUS, a HyperCard-like program that can utilize pre-v2.0
HyperCard stacks and functions on both Macintosh and IBM-compatible platforms. The
Microsoft Windows/Spinnaker PLUS version requires the user to have both Microsoft
Windows and a “run-time” version of Spinnaker PLUS (Windows 3.0 version). Infor-
mation on Spinnaker PLUS can be obtained from:

Spinnaker Software eyt Boehm 64 329
201 Broadway
Cambridge, MA 02139 f /e §
(617) 494-1200
stack names

As listed on p4, of the original users manual, HyperVentilate for the Apple Macintosh

consists of eightfiles. The Spinnaker PLUS version contains only seven files. The names
are:

HyperCard Version N Spinnaker PLUS Version N
Soil Venting Stack SVS. sta T
Soil Venting Help Stack SVHS sta A
System Design SD.sta ~

Air Permeability Test APT.sta

Aquifer Characterization AQ.sta

Compound List Update CLU.sta

HypeVent ' HYPEVENT .exe

f77.r1 none

Addendum 1
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. installation
all files must be copied into the PLUS directory on your hard disk.

. starting H)pérVenﬁlate v2.0b
To start HyperVentilate v2.0b, open the Windows “File Manager”, navigate to within the
PLUS directory, then open (double-click on) the file SVS.sta.

. printing cards
You may experience difficulties with some of the “Print” buttons in the program. Read
your PLUS manual to overcome these difficulties.

. appearance of cards
Generally, the cards appear as they are printed in the manual. Due to platform differences,
however, some text will appear different. This problem is unavoidable with Windows-
based systems, as different users will have their computers configured with different
screen fonts.

. tab keys
Some cards utilize spreadsheets. In the HyperCard version the “tab” key is used to
navigate through thesetables. InthePLUS version the“tab” keyis notactive and you must
use the “arrow” keys.

. speed
Due to platform differences, the PLUS version does not operate as smoothly, or quickly,
as the HyperCard version. The user will notice that with time the execution speed of the
program will slow; therefore, itisrecommended that you periodically exit from Windows
and restart the system.
On some machines, when HyperVentilate accesses the external compiled code
HYPEVENT EXE after clicking on the “‘Generate Predictions” button on card 16 of the
SVS.sta stack, there will be a long pause (as long as a few minutes) as PLUS Windows,
and HYPER VENT .EXE fight over available memory. Typically card 17 will eventually
be displayed with a shaded rectangle along a portion of its lowerbase while this battle is
occurring. Be patientand wait for the screento blank outand display the message “HANG
ON...” indicating that HYPEVENT.EXE is running. If you have limited memory
(<4MG), or too many applications open, this message will not be displayed, and you will
be returned to card 17 as if the program had run. The user needs to be aware that this may
occur.

Addendum 2
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Software Installation Procedure

A discussion on how to load both Spinnaker PLUS and HyperVentilate

* Loading Spinnaker PLUS

+ Creating the Spinnaker PLUS Icon and Opening Spinnaker PLUS

* Loading HyperVentilate

+ Installing Spinnaker PLUS “Run-Time” Version with HyperVentilate

These directions presume that the user has a working knowledge of Microsoft Windows. The
operation of Spinnaker PLUS, and therefore the IBM-compatible version of HyperVentilate
requires Microsoft Windows Version 3.0 or higher. If you are using a version of HyperVentilate
with a “run time” version of Spinnaker PLUS, skip to the “Loading HyperVentilate” instructions.

Loading Spinnaker PLUS

The Spinnaker PLUS package contains three 3.5-inch and three 5.25-inch diskettes from which
to install the program. Use these steps to install the program:

L.

2.

Enter Windows.

Double-click on the “Main” window icon (if this window is not already open).
Double-click on the “File Manager” icon; this will display the “Directory Tree” window.
Insert Disk 1 into the appropriate drive (A or B).

Inthe upperleftcomer of the “Directory Tree” window you will see symbols representing
the drives on your system. Click on the drive (A or B) where you just inserted Disk 1.

A listing of the files on Disk 1 will appear; double click on the file “plssetup.exe”.

Awindow called“Spinnaker PLUS Setup” will appear. Change the path of the installation
from“C\PLUS” to“CAWINDOWS\PLUS” (Note: “C”is a standard drive specification;
you should use the letter that designates where Windows is installed on your system).
Click on “Continue.” The program will start copying files from Disk 1. Follow the rest
of the instructions and prompts on the screen.

When the installation has been completed, exit the “File Manager” and exit Windows.
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Creating the Spinnaker PLUS Icon and Opening Spinnaker PLUS

1.

3a.

3b.

3c.

10.

11

12.

Re-enter Windows. (Note: exiting and re-entering Windows is a step recommended by
the manufacturer of Spinnaker PLUS).

Close all windows so that the “Program Manager”” window is the only one displayed on
your screen.

At the bottom of the window, there will be program icons displayed for “Main,”
“Accessories,” and others. Is there a program icon named “Windows Applications?” If
yes, double-click on it and go to Step 4. If no, continue with Steps 3a-c to create one.

Click on “File” and drag down to “New.” A window called “New Program Object” will
appear.

Check to make sure “Program Group” is selected; click on “OK.” A window called
“Program Group Properties” will appear.

The cursor will be located at the description field. Type in the words “Windows
Applications” and click on “OK.” An empty window will appear called “Windows
Applications.”

With this window open, click on “’File” and drag down to*“New.” A window called “New
Program Object” will appear.

Check to make sure “Program Item” is selected; click on “OK.” A window called
“Program Item Properties” will appear.

Click on “Browse.” A window called “Browse” will appear.
Under “Directories,” double-click on “plus.”

Under “File Name,” double-click on the “plus.exe” file. This will bring you back to the
“Program Item Properties” window.

Click on “Change Icon,” click on the icon for “Plus,” and click on “OK.”
You will now be back at the “Program Item Properties” window. Click on “OK.”

You will now be back to the “Windows Applications” window displaying your “Plus”
icon.

Double-click on the “Plus” icon to run Spinnaker PLUS.

Addendum 4
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Loading HyperVentilate T

The HyperVentilate package contains one 3.5-inch diskette from which to install the program.
Theprogramcan beinstalled fromeither the DOS promptor fromwithin Windows. The following
procedures are used for both types of installations (Note: For these installation procedures, the
3.5-inch drive from which you will be installing the program is assumed to be the B drive).
DOS Installation

1. Insert the HyperVentilate disk into the appropriate drive.

2. From the C:\> prompt in DOS, type “COPY B:\*.* CAWINDOWS\PLUS".

Windows Installation

1. Follows Steps 1-5 of the “Loading Spinnaker Plus.”

2, Click on the B\ foldér icon so that it is highlighted and/or a dotted line appears around it.
3. Click on“File” and drag down tothe “Copy” command. The“Copy” window will appear.

4, The curser will be located at the “To” path. Type in “CAWINDOWS\PLUS”; click on
C‘OK‘” .

5. When the installation is complete, exit from the “File Manager.”

Opening HyperVentilate

1. Enter Windows.

2. Double-click on the “Windows Applications” icon (if this window is not already open).
3. Double-click on the “Plus” icon.

4. Close the “Home” window.

5. Click on “File” and drag down to “Open.” -:Ihe window “Open Stack” will appear.

6. Either double-click on the “SVS.STA” file or click on “SVS.STA” and then click on
“Open.” The user is now in HyperVentilate.
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Installing Spinnaker PLUS “Run-Time” Version with Hyper Ventilate

1. Create a subdirectory on the hard disk for HyperVentilate and Spinnaker PLUS “Run
Time.” For example, from the C:\> prompt, type “MD WINDOWS\PLUS".

2, Copy all the files from both the Spinnaker PLUS “Run Time” diskette and the
HyperVentilate diskette to the subdirectory. For example, from the C:\> prompt, type
“COPY B:*.* CAWINDOWS\PLUS".

3. Follow directions in “Creating the Spinnaker PLUS Icon and Opening Spinnaker PLUS”
with the following exception: substitute “plusrt.exe” for “plus.exe” in Step 8.

4. Follow directions for “Opening HyperVentilate” to run the program.

Addendum 6
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Disclaimer

The HyperVentilate software package was completed under a Federal Technoiogy Transfer Act
Cooperative Research and Development Agreement between EPA and Shell Oil Company,
signed in 1990.

EPA is facilitating the distribution of HyperVentilate because the Agency has found the software
and manual to be helpful tools, especially in teaching users aboutin situ soil venting and in guiding
them through a structured thought process to evaluate the applicability of soil venting at a
particular site. EPA’s Office of Underground Storage Tanks advocates the use of innovative
cleanup technologies, and in situ soil venting is recognized as an effective remediation alternative
for many underground storage tank sites.

HyperVentilate is based on the document titled, “A Practical Approach to the Design, Operation,
and Monitoring of Soil Venting Systems” by P. C. Johnson, C. C. Stanley, M. W. Kemblowski,
J.D. Colthart, and D. L. Byers, published 1990 by Shell Oil Company. The program asks a series
of questions and forms a “decision tree” in an attempt to identify the limitations of in situ soil
venting for soils contaminated with gasoline, solvents or other relatively volatile compounds.

EPA and Shell Oil Company make no warranties, either express or implied, regarding the
HyperVentilate computer software package, its merchantability, or its fitness for any particular
purpose. EPA and Shell Oil Company do not warrant that this software will be error free or
operate without interruption. EPA and Shell Oil Company do encourage testing of this product.

EPAwill notprovideinstallation services or technical supportin connectionwith the HyperVentilate
computer software package. Neither will EPA provide testing, updating or debugging services
in connection with the enclosed computer software package.

The HyperVentilate computer software package and this manual are not copyrighted.

——_:_.
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Disclaimer

Shell Oil Co. makes no warranties, either express or implied, regarding the
enclosed computer software package, its merchantability, or its fitness for
any particular purpose. Shell Oil Co. does not warrant that this software
will be error free or operate without interruption. The exclusion of implied
warranties is not permitted by some states. The above exclusion may not
apply to you. This warranty provides you with specific legal rights. There -
may be other rights that you may have which vary from state to state.

Apple is a registered trademark of Apple Computer, Inc.
Macintosh and HyperCard are trademarks of Apple Computer, Inc.

£77.11 is a product of Absoft Corp

Comments/Suggestions?

Comments and/or suggestions about the usefulness of this program can be mailed to:

Paul C. Johnson
Shell Development
Westhollow Research Center
P.O. Box 1380
) Room EC-649
/ Houston, TX 77251-1380 .

Please do not call the author andlor Shell with questions about the use or
interpretation of results from this program.
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1. Introduction

In situ vapor extraction, or soil venting is recognized as an attractive remediation alternative
for "permeable” soils contaminated with "volatile” compounds. As Figure 1 illustrates,
vapors are removed from extraction wells, thereby creating a vacuum and vapor flow
through the subsurface. Until the residual contamination is depleted, contaminants will
volatilize and be swept by the vapor flow to extraction wells. While its use has been
demonstrated at service stations, Superfund sites, and manufacturing locations (see Hutzler
et al. [1988] for case study reviews), vapor extraction systems are currently designed more
by intuition than logic. In fact, many systems are installed at sites where the technology is
not appropriate.

"A Practical Approach to the Design, Operation, and Monitoring of In Situ Soil Venting
Systems" [Johnson et al. 1990a - see Appendix G] is a first attempt at creating a logical
thought process for soil venting applications. The article, which is based on earlier results
of Thornton and Wootan [1982], Marley and Hoag [1984], Johnson et al. [1990], and
discussions with several of these authors, describes a series of calculations for determining:
(a) if soil venting is appropriate at a given site, (b) limitations of soil venting, and (c)
system design parameters, such as minimum number of extraction wells and potential
operating conditions.

HyperVentilate is a software guidance system based on the Johnson et al. [1990a]
article. The software performs all necessary calculations and contains "help cards" that
define the equations used, perform unit conversions, and provide supplementary
information on related topics. In addition, a 62-compound updatable chemical library (to a
maximum of 400 compounds) is included.

Initial development of this program occured under the Apple Macintosh HyperCard
environment, due to its programming simplicity, ability to incorporate text and graphics,
and interfacing with other Macintosh programs (such as FORTRAN codes, etc.). The
objective was to create a user-friendly software package that could be both educational for
the novice environmental professional, and a functional tool for more experienced users.
The OASIS [1990] system created at Rice University for groundwater contamination

problems is another excellent example of the use of HyperCard as a technology transfer
tool.

This document is a users manual for HyperVentilate. It contains sections describing the
installation and operation of the software. During the development of HyperVentilate,
the goal was to create a guidance system that could be used with little or no instruction.
Experienced Apple Macintosh users, therefore, can load and explore the capabilities of this
program after glancing at the "Loading HyperVentilate Software" section. Those users that
are less comfortable about exploring software without a manual are encouraged to read
through it once, and work through the sample problem. It is intentionally brief, and a
beginner should be able to navigate through the system in less than a couple hours. It is
assumed that the user has some previous Macintosh experience. If not, consult a
Macintosh users manual for a quick tutorial.

o
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Figure 1. Schematic of a typical vapor extraction operation.
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IL. Definition of Some Terms Appearing in this Manual

button - an object on a "card" that causes some action to be performed when
“click

card - an individual screen that you view on your monitor

click - refers to the pressing and releasing of the button on your mouse

drag - refers to holding down the mouse button while moving the mouse

field - atextentry location on a "card"

HyperCard - a programming environment created by Apple Computer, Inc

mouse - the device used to move the cursor within your monitor

select - refers to "dragging" the cursor across a “field"
stack a group, or file, of "cards"

III. Software/Hardware Requirements

Apple Macintosh HyperVentilate version 1.01 requires an Apple Macintosh (or
equivalent) computer equipped with at least 1 MB RAM (2 MB preferable), a hard disk,
and the Apple HyperCard Software Program (v 2.0). Check to make sure that your
system software is compatible with your version of HyperCard.

IV. Loading HyperVentilate Software

HyperVentilate is supplied on an 800 kB double-sided, doublé density 3.5" diskette.
Follow the instfuctions listed below to insure proper-operation of the software.

1) Insert the HyperVentilate disk into your computer's floppy drive. The
HyperVentilate disk should contain the files:

- "Soil Venting Stack”

- "Soil Venting Help Stack"
- "System Design"

- "Air Permeability Test"

- "Aquifer Characterization"
- "Compound List Update"
- "HypeVent"

- "f77.11"

2) Copy these files onto your hard disk. They must be copied into the folder
that contains the "HyperCard" program, or else the software will not
operate properly.

3).  Eject the HyperVentilate disk
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V. Using HyperVentilate

The authors of HyperVentilate intend it to be an application that requires little pre-
training for the user. It is mouse-driven and instructions are included on each card, so
please take the time to read them when you first use HyperVentilate.

This section of the users manual is divided into three subsections. Start-up instructions are
given in the first, basic features of the cards are described in the second, and a sample
exercise is presented in the third. For reference, copies of all cards, as well as more details
on each are given in Appendices A through F. -

V.1. Starting HyperVentilate

1)

2)

3)

4)

5)

Those users with color monitors should use the "Control Panel” (pull down the
"&" menu and select "Control Panel", then click on the "Monitors" icon) to set their
monitors to black and white, and two shades of grey.

To avoid unnecessary "card-flipping", set the "Text Arrows" option in your
"Home" stack "User Preferences” card to on. You can get to this card from within
any HyperCard application by selecting "Home" under the "Go" menu. This will
take you to the first card in the "Home" stack. At this point click on the left-
pointing arrow and the "User Preferences" card will appear on your screen. Then
click on the square to the left of "Text Arrows" until an "X" appears in the square.

HyperVentilate is started by double-clicking on the "Soil Venting Stack" file icon
from the Finder (or Desktop), or by choosing "Open" under the "File" menu (Note
that using a more advanced version of HyperCard than the one under which this
system was developed (v 2.0) may require you to first “convert” each of the seven
HyperCard stacks contained in HyperVentilate).

Your monitor should display the card shown in Figure 2. Note that there are a
number of buttons on this card; there are two at the lower left corner, and then each
file folder tab is also a button (some cards may contain less obvious "hidden"
buttons; try clicking on the authors name on the title card for example). Clicking on
any of these will take you to another card. For example, clicking on the "About

- This Stack" button will take you to the card shown in Figure 3, which gives a brief

description about the use of buttons and fields. Read this card well.

Explore for a few minutes. Try to see where various buttons will take you, try
entering numbers in fields, or play with calculations. Again, just remember to read
instructions given on the cards.
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Step3:  Location:

Step4:  Location:

Step5:  Location:

Step6:  Location:

Action:

Result:

Action:
Result:

Action:
Result:

Action;
Result:

Card H1 of the "Soil Venting Help Stack" stack.

Play with the buttons and scrolling field. Practice entering a number
in the field in front of “inches". Place the cursor in the box. It will
change from a hand to an "I-bar” as it enters the field. Hold down
the mouse button and drag the I-bar across the entry, which will
become hilited. Now type in another number, or hit the delete key.
Practice until you feel comfortable selecting text and entering
numbers. Then click on the "Click for Calculation" button. When
you are done practicing, click on the "Return” button.

Return to the title card of the "Soil Venting Stack” (Figure 2).

Title Card of the "Soil Venting Stack" stack.

Click on the "Economics" file folder tab.

You are now at card 27 of the "Soil Venting Stack" stack. Take a
quick glance at this card, which is displayed in Figure 6.

Card 27 of the "Soil Venting Stack" stack.
Click on the "House" button in the lower left corner.
You are back at the title card (Figure 2).

Title card of the "Soil Venting Stack" stack.
Click on the "Go to First Card" button.
You are now at card 1 of the "Soil Venting Stack" stack (Figure 7).

*Click” on any item below (& }
hold button down) to see costs §

| [For typical service station sites, [O]
: clean-up costs can range from .

operauon alons, depending on  fus:
i {the complexity of the site, clean-

¥|up time, permitting
| | requirements, and the type of
fi| vapor treatment system used.

associated with that item.

i | The tvo major costs are
i | generally associated vith the
| Vapor treatment unit and

Is

Figure 6. Card 27 of the "Soil Venting Stack" stack.

v
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This HyperCard Stack was created to belp guide environmental scientists
through the thought process necessary to decide if and how soil venting might
be applied to remediate a given site. The organization and logic of this stack
follows ths paper:

*A Practical Approach to the Design, Operation,
and Monitoring of In-Situ Soil Yenting Systems*®

by:

P. C. Johnson, C. C. Stanley, M. W. Kembdlowski, J. D. Colthart, & D. L. Byers

published in Ground Water Monitoring Reviev, Spring 1990, p. 159-178

If at this point you do not feel comfortable with the use of the buttons, please
click once on "?* for more info on the mechanics of this stack...

Figure 7. Card 1 of the "Soil Venting Stack" stack.

Step7:  Location:

Action:
Result:

Step8:  Location:

Action:

Result:

Step9:  Location:

Action:
Result:

Step10:  Location:

Action:

Result:

Card 1 of the "Soil Venting Stack" stack.
Click on the right-pointing arrow.
You are now at Card 2 of the "Soil Venting Stack" stack (Figure 8).

Card 2 of the "Soil Venting Stack" stack.

Read the text, and click on the "down" and "up" arrows on the
displayed text field under "About Soil Venting..." to make the
field scroll. Then click on the left-pointing arrow at the card bottom.
You are now back at card 1 of the "Soil Venting Stack" (Figure 7).

Card 1 of the "Soil Venting Stack" stack.

Click on the right pointing arrow.

You are again at card 2 of the "Soil Venting Stack"” stack (Figure 8).
By now you should feel comfortable using the left- and right-
pointing arrows to travel through the stack.

Card 2 of the "Soil Venting Stack" stack.

Click on the "?" button in the lower right corner of the card. This
button indicates that there is a "Help" card containing additional
information.

You are now at card H2 of the "Soil Venting Help Stack" stack
(Figure 9). Scroll through the list of references, then click on the
"Return” button to return to card 2 of the "Soil Venting Stack” stack.

At this point you should feel comfortable navigating around in HyperVentilate.

10
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About Soil Venting ...

Soil Venung (ak.a "in-situ soil
venting”, "vacuum extraction”, & -

*in-situ vapor extraction®) is
rapidly becoming one of tha most

practiced soil remediation processes ,
for permeable soils contaminated i

vith relatively volatile
hydrocarbons.

The underlying phenomena that
influence the success of any soil
venting operation are easily o
understood By applying a vacuum Ji

A Y . —de Al

Figure 8. Card 2 of the "Soil Venting Stack" stack.

Hel o} Ab out So1l Ventm

R AN TN A R N AN

More informaton aboutsoil ventng can be found in the fonoviné articles:

M. C. Marley and G. E. Hoag, Induced Sofl Yenting for tbe RecoveryfResvoration of Gasoline
g Hydrocarbons in the Vadose Zone, NWWAJAPI Conference on Petroleum Hydrocarbons and
§ Organic Chemicals in Ground water, Houston, TX, 1984.

i P. C. Johnson, M. W. Kemblowski, and J. D. Colthart, Practical Screening Models for Soil

 Venting Applicatons, NWWAJAPI Conference on Petroleum Hydrocarbons and Orgenic Chemicals |;

l in Ground water, Houston, TX, 1588.

j N. J. Hutler, B. E. Muphy, and J. S. Gierke, State of Technology Review: Soil Yepor Extraction
N Systerns, U.S.E.P.A, CR-814319-01-1, 1988.

D.J. Wilson, A. N. Clarke, and J. H. Clarke, Soil Clean-up by in-sita Aeration I. Mathematical
3 Modelling, Sep. Science Tech., 23:991-1037, 1988.

Figure 9. Card H2 of the "Soil Venting Help Stack" stack.

v

11




3 - HyperVentilate Users Manual -

V.3.2 Sample Problem Exercise - Is Venting Appropriate?

f In §V.3.2. you will work through an example problem to illustrate how one might decide if
venting is appropriate at any given site. For the purpose of this example we will use the
example site information given in Figure 10.

North South
L
d. 03 - 08 . w031
10 === - og=(.2° i -'4.6- o oum —--'1.2'
w002 ode 512 -r 03 ot (.44
Fine to
20 ot 0.0 Coarse Sand L e g 82 e (.17
g .
§ u-o-o wha 8577 e 214 e 28
% 30 e — o 1 —————— afejqls == = afw3le— o= = emadee (.63
g b 0.0 Sllty&Clay ode 653 =t 967 - 1.5
-3 .
% 4°_| i 17 Clayey Sl'lt g 3267 e 971 whs 0.86
o B 1297 | B 2
A . e -
8 50 %:73—‘ Fine to 3319 = =F-32- !
Medium Sand
1.7
60 m—t whe 9.5 '
HB-17 HB-10 HB-5 HB-3
Static Ground
Water Table
SCALE ()
[ ] ]
™~ T - |
0 10 20

Contamination Type: Weathered Gasoline

Figure 10. Sample site data (Johnson et al. [1990a]). Total petroleum hydrocarbons
(TPH) [mg/kg] values are noted for each boring.
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Using your newly developed navigational skills and the right pointing arrow located at the

bottom of each card, slowly step your way through the stack until you reach card 7 of the -
“Soil Venting Stack" stack (Figure 11). Take your time to read the text and "Help" cards

associated with each card along the way.

Stepl:  Location: Card 7 of the "Soil Venting Stack" stack.
Action:  Read this card. It explains the process that you will use to decide if
venting is appropriate. Then advance to card 8 of the "Soil Venting
Stack" stack.
Result:  You are now at card 8 of the "Soil Venting Help Stack" stack

(Figure 12).

Step2:  Location: Card 8 of the "Soil Venting Help Stack" stack.
Action:  Read the instructions on this card. Take the time to read the
information on the two "Help" cards: "Info about Calculation" and
"About Soils (& Unit Conversions)".

Now we will evaluate the efficacy of applying in situ soil venting to
the lower soil zone (45 - 50 ft below ground surface) in Figure 10,
which is composed of fine to medium sands. It also is the zone of
highest hydrocarbon residual levels (>20000 mg/kg TPH in some *,
areas). :

Is Venting Appropriate? ,

. Flowrae : !
Read This Estimation : i
! v
At this point ve will proceed through a Maximum Vapor
simple thought process to decide if soil - Concentration
venting is a feasible alternative. As . 3 &
mentioned earlier, the three main factors that [::: Maximum Removal
govern the success of a venting operation are: [ L

- vapor flovrate Acceptdle 7
- Vapor concentrations i

contaminants relative to the vapor i More Realistc
flowpath) i Calculations

v

Figure 11. Card 7 of the "Soil Venting Stack" stack.
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Flo te Esumauon. 2: gpuon:a; ngx.;%{’;tz::ovn permeadility velues (daxcy)
. . ner we :
O Medium Sand 3 Entr Rutius of Instuance (€0 & Inervel Thicknass®
@® Fine Sand d) Optonal - Enter your own well vacuum (406" = max)
Silty Sand S) Click buton o calculate Prediced Flovn Ranges
8Cla§ey Sitts Predicted Flovrats Ranges
- Wi Flo
O Input Your Own Permeability Range v.c:gm (sc‘r"?g
Permeability Range (darcy) (mpﬂ'; o (single well)
L1 Jwl 10 J 51033 ][ 332
10 066 lto] 659
Well Radius [ Z in
Radius of Influence { £t 2011 130 Jw] 1302 |
Interval Thickness® [_____QE]ft 4011 254 Ito] 2538
60 371 _lto] 37.09
| ( —>Calculate Flovrate Ranges<— ) 20 653 1| 6327
H *thickaass of seranel interval, or 200 1007 |to!| 100.66

pernesdle zona (whichaver is smaller).

{ Adout Soils (& Unit Conversions

{  Info about Celculation

Figure 12. Card 8 of the "Soil Venting Stack" stack.

Step 3:

Step 4:

Step 5:

Location:
Action:

Result:

Location:
Action:

Result:

Location:
Action:

Card 8 of the "Soil Venting Stack" stack.
Choose the "Fine Sand" soil type, and enter:

well radius = 2in

radius of influence= 40 ft
interval thickness = 6.6 ft

user input vacuum = 200 in HO

into the appropriate fields, then click on the

"-->Calculate Flowrate Ranges<--" button.
The flowrate ranges are calculated and displayed. Your screen
should now look like Figure 12. The calculated values are estimates
of the flowrate to a single vertical well (and are only valid estimates
when your conditions are consistent with the assumptions built into
the calculation - see Johnson et al. [1990a, b] for more details).

Card 8 of the "Soil Venting Stack" stack.

Click on the right pointing arrow to advance to card 9. Read the
information on this card, then advance to card 10

You are now at card 10 of the "Soil Venting Stack" stack (see Figure
13).

Card 10 of the "Soil Venting Stack" stack.

Assume that the soil temperature at our sample site is 182 C. Enter
this value in the appropriate field, then hit the "return” key. This
action clears all values from the other fields.

14
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Vapor Concentratton Esumatxon Calculau n

(1) Type in Temperature (°C) (hit <return>)

Click to Enter Composition of Contaminant Q Enter Distribution
or QO °Fresh” Gasoline
Choose one of the Default Distributions ® "Weathered® Gasoline

': (3) Click to Viev Distributions, (optional) (Viev Distributions )

1(4) Click to Perform Calculations @ Perform Calculations

" Surn of Mass Fractions (100000 ]
Calc. Vapor Pressure 0.05784 atm
—1 74 A

Calc. Vapor Concentration 203.94878 | mg/l
F100 4 About Calculation PrintCard B

Figure 13. Card 10 of the "Soil Venting Stack" stack.

LVxev Only Mode ] " Vapor :
: Mass Molecular Pressure (atm)
# Compound Nams i Weight (2) @ -c

propane . 44.1 8.04673
isobutans . 58.1 2.75865
n-butane 58.1 1.9743%
trans-2-butene 6.1 1.84196
cis-2-butene 56.1 1.67019
3-methyl-1-butens 70.1 0.88399
isopentane . 72.2 0.73146
1-pentena . 70.1 0.64989
2-methyl- 1-butene 70.1 0.62093
2-methyl-1,3-butadiens 68.1 0.60914

— 0NN D WN -

(should be w1)

m? —Remm © Yeapor Conc. Estimation Card — t u '

Figure 14. Card H16 of the "Soil Venting Help Stack" stack.
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Result:

Step6:  Location:

Action:

Result:

Step 70: Location:

Action:
Result:

Step8:  Location:

Action:

Result:

Step9:  Location:

Action:

At this site the residual hydrocarbon is a "weathered" gasoline, so
choose this selection from the three composition options listed. The
"Fresh" and "Weathered" gasoline selections correspond to pre-
programmed compositions that are useful for estimation purposes.
If you knew the composition of your residual, then you could enter
it by selecting the "Enter Distribution" option. Click on the "View
Distributions" button to take a look at the compound library and the
pre-specified composition of "weathered" gasoline.

You are now at card H16 of the "Soil Venting Help Stack" stack
(see Figure 14).

Card H16 of the "Soil Venting Help Stack" stack.

View the library and pre-specified composition. If you are
interested, explore some of the help cards. Then click on the
"Return to Vapor Conc. Estimation Card" button to return to card 10
of the "Soil Venting Stack" stack.

You are now at card 10 of the "Soil Venting Stack" stack (Figure
13).

Card 10 of the "Soil Venting Stack" stack.

Click on the "Perform Calculations" button.

HyperVentilate calculates the maximum possible vapor
concentration corresponding to the specified composition and
temperature. The results are displayed in Card 10 of the "Soil
Venting Stack" stack, which should now look like Figure 13.

Card 10 of the "Soil Venting Stack" stack.

Using the right-pointing arrow button, advance to card 11 of the
"Soil Venting Stack” stack. Take the time to read the text, then click
on the "Calculate Estimates” button

You are at card 12 of the "Soil Venting Stack" stack. The calculated
flowrates and maximum possible removal rates are displayed along
with an updated list of the input parameters that you have entered.
Your screen should look like Figure 15, if you have chosen the
"1b/d" units.

Card 12 of the "Soil Venting Stack" stack.

Click on the right-pointing arrow button. You are now at card 13 of
the "Soil Venting Stack" stack. Read the text, then enter:

estimated spill mass . =4000 kg

desired remediation time =180d

Now click on the "-->Press to Get Rates<--" button
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| Aaximuor Removal ??pmm (9%) ) !

i hd 0! Iype and
 Rate Estimales Sofl Permeability Range (darcy) [~—1 © 10
Wel} Radius (in) %

: Radius of Influence (f9) — 4 :
N select your unit preference below Conwminant Type Weathered Gasolins ] |

® [Ib/4d] Permeable Zone Thickness(f) | 6.6 |

: O lkg/d] Py-Wel  FlovraeEstmaes  Max. Removal Raw Estimates
1. Yecuum [SCFM]) [toid]
Not: (in H,0) (singls well) (single well)

d These are *maximum 5 0,33 3,32 6 62
| removal rates®, and should 10 0.66 6.59 12 124
 only be used as screening 20 1.30 13.02 25 251
{ estimates to determine if 40 2.54 25.38 52 o17
| ventng is even feasible ata 60 3.71 37.09 80 799
f civensite. Continue on 0 120 || 6.83 68 27 1778

the nextcard © assess if 200 10.0 100 66 3636
these rates are acceptabls.. N

Figure 15. Card 12 of the "Soil Venting Stack" stack.

s Soil Venting Appropriate? gp.. @kg
At this point, you compare ths (D Estimated Spill Mass[__4000] o 1p
maximum possible removal rate |, Enter Desired

with your desired removal rate. 1 @ Remediation Time days

@ ( ~>Press © get Rates<-- )

If the maximum removal rate
does not exceed your desired

removal rate, then soil venting Single Vertical Well Results
is not likely to meet your needs,

. Desired Removal Rate: 22221 [kel)
and you should consider another {4} . varuum gin HzO): 200] (inH20]

treatment technology, or make
your needs more realistic.

©4|MinFlowvrae @ 200 inH20| _10.07| (scFM]
]| Max Flowrete @ 200 inH20 | 100.66| ([scFM)
1| Meax. Est Rémoval Rate:

[ (lower estimate) - per well 164.892 | [kgid)

In the next cards, ve will refine |- 1
the removal rate estimates, in J{} (upper estimate) - per well 1C47.108 | (xgid]

vye 13

Figure 16. Card 13 of the "Soil Venting Stack" stack.
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Step 10:

Step 11:

Result:

Location:
Action:

Result:

Location:
Action:

Result:
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Your screen should now look like Figure 16. Note that your desired
removal rate (=22 kg/d) is less than the estimated maximum removal
rates for a single vertical well (=165 to 1650 kg/d). At this point in
the screening exercise, therefore, soil venting still appears to be a
viable option.

Card 13 of the "Soil Venting Stack" stack.

Click on the right-pointing arrow button to advance to card 14 of the
"Soil Venting Stack" stack. Read the text, then advance to card 15
of the "Soil Venting Stack” by clicking on the right-pointing arrow
button. Again, take the time to read the text, then advance to card 16
of the "Soil Venting Stack" stack. The focus of these cards is the
prediction of vapor concentrations and removal rates as they change
with time due to composition changes. It is important to try to
understand the concepts introduced in these cards.

You are at card 16 of the "Soil Venting Stack"” stack (see Figure 17).

Card 16 of the "Soil Venting Stack" stack.

This card is used to finalize your input data prior to calculating vapor
concentration and residual soil contamination composition changes
with time. Read the instructions in the order that they are numbered.
Note that the summary table in the upper right corner of the card
contains all the parameter values that you have input thus far. The
instructions describe how to change these values, but at this point
we will retain the displayed values. Because it is difficult to present
the behavior of each compound in a mixture composed of an
arbitrary number of compounds, the output is simplified by
reporting the behavior in terms of "boiling point" ranges. This
simply represents a summation of all compounds whose boiling
points fall between pre-specified values. Presented in this fashion,
the model results can be interpreted much more quickly. Click on
the "tell me more about BP ranges..." button, read the help card,
then return to card 16 of the "Soil Venting Stack" stack. Click on
the "-->Set Default BP Ranges<--" button. Your screen should now
look like Figure 17. Click on the "Generate Predictions" button

The message "Sit Back and Relax..." will appear on your screen,
followed by a screen on which the following appears:

"Copyright © Absoft Corp 1988

Copyright © Shell Oil Co 1990

HANG ON ----- YOU WILL BE RETURNED TO HYPERCARD...

# OF COMPOUNDS IN LIBRARY = 62"

Then card 17 of the "Soil Venting Stack" stack will appear.

18
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Model Predictions Texirlxpenme C)
Sofl Type
: Sofl Permeability Range (darcy)
i | To the xight is a summary of the Well Radius (in)
i ]data you have input. If youwishtwo| Radius of Influence (19
B | change any of te info, Genclick | Sonwminant Type
‘ any . Permeable Zone Thickness (f)
i |on the parameter name, and redo
| | e celculations on e caxd you will

1| be taken . Press the blinking -
"Return' button © coms back @ L—> Set Default BP Ranges <-—- ’

: ©) [Beiling Point Range #1| -50 [to] 28
| | The model returns ouput that | |Boiling Point Range #2] 28 |to] 80
1 |allows you © determine Boiling Point Range #3] 80 jto] 111
4 | residual amounts of Boiling Point Range #4| 111 |tol 144
| | compounds felling vithin5  Ee) [Boiting Point Range #5] 144 | to] 250

 [Fourovannges, orchoose [y @ Generate Predictlons]

j| | the default values.

]l me more about BP ranges... IE. Print Card )

Figure 17. Card 16 of the "Soil Venting Stack" stack.

(D ( --> Import Data <-- Saturated Yapor

® ) Concentration at time=0 0.2053E+03 | [mglL)
 |IFIRST PRESS THE IMPORT Min Yolume to Remove 7648 [L-air'g-
DATABUTTON! ‘ >90% of Initial Residual - residual]

These are the results for the ‘Tempernature (°C): ‘ 18 l
contaminant type that you have , Contninant Type: | Weathered Gasoline |

QUM(0) | Vapor | Residual BP#2 | BP#3 | BP#4 | BP#5
L-air! Cone. Level Residual | Residual { Residual | Residual
g-residual | {98 Initial} | [96 Initial] {95 onl] | (9% 0m)] | [%on] | (%00
.00 ] 100.000 | 100.000 . 11.650 24.010 22.140 41.510

.24 75.062 95.000 . 9.263 23.982 23.000 43.632

57 $8.631 90.022 . 6.755 23.474 23.820 45.950

.98 48.078 85.034 . 4512 22.403 24577 | 48.509
39.390 80.034 . 2.632 20.771 25.248 $1.350
31.941 75.035 . 18.503 25.766 £4.509
25.916 73.035 . . 15.556 26.031
21.150 65.037 . 12.053 25.919

S Launch Exrel )} SCHI7E Y e 6 { Print Card

Figure 18. Card 17 of the "Soil Venting Stack" stack.
\
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Step 12;

Step 13:

Location:

Action:
Result:

Location:

Action:

Result:

Card 17 of the "Soil Venting Stack" stack.

Read the instructions, then click on the "-->Import Data<--" button.
Your screen should look like Figure 18. The table in the lower part
of the card lists model predictions: vapor concentration and residual
soil concentration (expressed as a percentage of their initial values),
as well as the composition of the residual (expressed as a percentage
of the total for each boiling point range) as a function of the amount
of air drawn through the contaminated soil. Note that as the volume
of air drawn through the soil increases, the vapor concentration and
residual soil levels decrease, and the composition of the residual
becomes richer in the less volatile compounds (BP Range #5). In
the upper right corner of the card are displayed the saturated, or
initial, vapor concentration and the minimum amount of air that must
be drawn through the soil per gram of initial contaminant to achieve
at least a 90% reduction in the initial residual level. This value is
used in future calculations as a design parameter.

Card 17 of the "Soil Venting Stack" stack.

Click on the right-pointing arrow to advance to card 18 of the "Soil
Venting Stack" stack. '

You are at card 18 of the "Soil Venting Stack" stack, which should
resemble Figure 19. Read the text. A summary of your input
parameters appears on the right side of this card. At the bottom
appears two calculated values representing the range of the minimum
number of wells required to achieve a 90% reduction in the initial
residual level in the desired remediation time. These values
correspond to idealized conditions, however, they can be used to
gauge the efficacy of soil venting at your site. For example, in this
case the minimum number of wells ranges between 0.7 - 7, which is
not an unreasonable number for a site the size of a service station. If
the range had been 100 - 1000, then it might be wise to consider
other remediation options.

It is important to recognize that model predictions are intended to
serve as guidelines, and are limited in their ability to describe
behavior that might be observed at any given site. One should use
all the information available, in addition to idealized model
predictions to make rational decisions about the applicability of soil
venting.
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Step 14: Location: Card 18 of the "Soil Venting Stack" stack.
Action:  Click on the right-pointing arrow button to advance to card 19.
Result:  You are now at card 19 of the "Soil Venting Stack" stack. This card
lists several phenomena that can cause one to achieve less than ideal
removal rates. Take the time to explore each of these options, then
return to card 19 of the "Soil Venting Stack" stack.

This is a complete summary
K |of the data and results. Tempenture [*C [ 18

i | Based upon these numbers, 2 ini] Conwminant Type: | Weathered Gasolins
: ! Sofl Type: | Pine Sand

¥ | “minimum number of wells™ fiuu Well Redius [in]: >

bas been calculated, Vhich 1| oy pogius of Influence 1) 40
i |should give you some “] Permeabls Zone Thickness [f]: 6.6

 (indication of how Flowrate per Well (120° Vec) [SCFM] |___6.83
jj |appropriate venting is for | Flowrate per Well (120" Yac) [SCFM) | 68.27
| [your application. Note that §i7] Min. Vol of Air [L/g-residual]: 128.48
| this is the number of wells if | | Estmatd Spill Mass: 4000
circumstances are ideal, "1 Desired Remediation Time {days]: 180

Lot at )

5 Minimum & of Wells :
o7 1< bea  <[zz

on Your Input Parameters

Figure 19. Card 18 of the "Soil Venting Stack" stack.
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Frield Tests

Figure 20. Card 20 of the "Soil Venting Stack" stack.
V.3.3 Sample Problem Exercise - Field Permeability Test. .

Note: It is recommended that you always plot and visually inspect your data prior
to attempting to fit it to any theory.

In this example, we use HyperVentilate to analyze air permeability test data from the site
pictured in Figure 10. We will focus on results from the lower fine to medium sand zone
(45 - 50 ft below ground surface). Advance to card 20 (Figure 20) of the "Soil Venting
Stack" stack to begin.

Step1:  Location: Card 20 of the "Soil Venting Stack" stack.
Action:  Using the right-pointing arrow, advance to card 21 of the "Soil
Venting Stack" stack. Read the text, then click on the "Air
Permeability Test" button. '
Result:  You are at card AP1 of the "Air Permeability Test" stack.

Step2:  Location: Card AP of the "Air Permeability Test" stack
Action:  Read the instructions, then click on the "Show Me Set-up" button.
Take a look at the figure, then click the "Return” button to return to
card AP1 of the "Air Permeability Test" stack. Now click on the
"Test Instructions" button.
Result:  You are at card AP3 of the "Air Permeability Test" stack.

Step3:  Location: Card AP3 of the "Air Permeability Test" stack.
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' Step6:  Location: Card AP8 of the "Air Permeability Test" stack.
Action:  Read the text, click the "clear” buttons to clear any entries from
P columns, then enter the following data:
’ _r=53ft r=3241
Time Gauge Vacuum Time Gauge Vacuum -«
[min] [in HoO] [min] [in H,O]
9 0.1 4 1.2
11 0.2 7 3.0
i 15 0.2 9 4.3
! 23 0.4 12 5.5
' 30 0.7 16 6.9
40 1.3 24 9.9
100 2.8 30 11
39 13
52 16
77 20
99 21
110 23
121 24.5
141 25.5
flowrate =15 SCFM
screened interval thickness =6.6 ft
While entering the data it is convenient to place the curser in the time
: column, type in the time value, then use the "tab" key to advance to
i the vacuum reading column. Enter the corresponding vacuum
value, then hit the "tab key again. As you see, this advances the
curser to the time column again. Now click the "-->Calculate<--"
button.
Result:  Your results should match those displayed in Figure 22. Soil

Step7:  Location:
Action:

permeability values have been calculated by fitting the field data to
the theoretical model described in cards APS5 - AP7 of the "Air
Permeability Test" stack.

Card APS of the "Air Permeability Test" stack.

Review the results, then click on the "Explanation & Statistics"
button. This advances you to card AP9 of the "Air Permeability
Test" stack, which lists correlation coefficients for the data fitting
process. These values give an indication of how well the model
describes the behavior observed in the field. Values approaching
unity indicate a good fit. Your results should match those given in
Figure 23.
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| Air Permeability Test - Data Analyzis (cont.)
oo —eC5do ~@de  =CJa

distances of

monivring points (MW _ (in H20) (min) (in H20) (min) (in H20)

9
Entr measured — 11
15
23
30
40

| v) screened nerval
?  thickness

=

Ces Juo

k=[18.69489|darcy (A) ke [2.858452
("c“““‘“‘") X=[9.298663|darcy(B)  k=|7.767599

darcy (A) k=
dercy(B) k=

Figure 22. Card AP8 of the "Air Permeability Test" stack.

Air Permeability Test - Data Analysis

(eont.)

On the previous Card (AP8), the data you input were fit o the approximate expression given on Caxd
H| AP6. It was anslyzed using both methods described on card AP?,
Bl extraction well flowrate (Q) end the stratum thickness (m). Below each column of det, the tvo

ji| calculated permeabdility values are denoted by: :

| darcy(A) - refers t calculation method 1 (see Card AP7)
| dexcy(B) - refers o calculation method 2 (see Card AP7)

if you input values for the

During the regression analyses, the data expressed as

k1| padrs of points (In{7), P*) are fit 0 a line. The

| “correlation coefficient®, 1, is a measure of how well

| the dat conform © the theoretical curve. Asr—>1, the
| data points ell fall on the theoretical curve. At the right
N | are given the correlation coefficient values for the three
| dat sets. For more info on the meaning of r, consult

F | any introductory Statistics book.

Correlation Coef.
(&)

data setd1 [0.941158
data set £2
deta set 83

Figure 23. Card AP9 of the "Air Permeability Test" stack.

v
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System Design

Terilla Mlinging Owpest
&

Kylroesrbon Cantina

Figure 24. Card 22 of the "Soil Venting Stack" stack.

V.3.4 Sample Problem Exercise - System Design

In this example we illustrate the use of IlyperVentilate for system design guidance. As in
§V.3.2 and §V.3.3, we use the sample site presented in Figure 10. At this site gasoline
was detected in three distinct soil strata: a fine to coarse zone located 10 - 30 ft below
ground surface (BGS), a silty clay/clayey silt zone located 30 to 42 ft BGS, and a fine to
medium sand zone that extends from 42 ft BGS to the deepest soil boring (60 ft BGS).
Groundwater is detected in monitoring wells at about 50 ft BGS.

Advance to card 22 of the "Soil Venting Stack" stack to begin (Figure 24).

Step1:  Location: Card 22 of the "Soil Venting Stack" stack.
Action:  Use the right-pointing arrow to advance to card 23 of the "Soil
Venting Stack” stack. Read the text, then advance to card 24 of the
"Soil Venting Stack" stack.
Result:  Card 24 of the "Soil Venting Stack" stack, which appears in Figure
25, should be displayed.

Step2:  Location: Card 24 of the "Soil Venting Stack" stack.
Action:  Read the text, explore using some of the options. You will find that
the options: "Well Location”, "Well Construction”, "Surface Seals",
"Groundwater Pumping System", and "Vapor Treatment" provide
some useful guidance information on aspects and components of a
soil venting system. Return to card 24.
Result:.  Card 24 of the "Soil Venting Stack" stack should be displayed.
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| System Desiga...

| At the right is alist of the components O N usaber of Extraction Wells

i of a venting systam design. Click on .
| cach to conduct the indicated phase of ~ © Well Location

il the design process .
: O Well Construction

| Remember: Itis not our intention © provide &
| generic recipe for vacuum extraction sysem O Surface Seals
| desizn; instead e suggest the following ssa
H | structured thought process. As you shall see,
H | even in a structured thought process, intuiton
| and experience play importantroles. There is
H| o sudstitute for & good fundemental O Yapor Treatment
i | mdersanding of vapor flow processes,

{ | tansport phenomena, and ground wvater flow!

O Groundwater Pumping System

Figure 25. Card 24 of the "Soil Venting Stack" stack.

 Number of Venting Wells...

H | The procedure for estimating the required
K | number of extraction wells is stmllar o the | | Flovre
H | process used previously o determine it L Botmation
| ventng s appropriate ata given sie.

: Maximum Removal
H | As ilustrated at the right, ve will estimats fuid Raw
| single vertical well flowraes, calculate the E:

| minimum vapor flow required, determine fij;: Minimumn Volume
| the areal extent of influerce, and Gen I Reguirement

| factor in any site-specific imiwtons. This [
| information then detenmines the necessary b

{ number of extraction wells. Limittions

H | Just proceed w follow the sps dictated on il
| he following cards-—>

Ste-Specific

Area of Inflvence

Figure 26. Card SD1 of the "System Design" stack.
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Step3:  Location:
Action:
Result:

Step4:  Location:
Action:
Result:

Step5:  Location:

Card 24 of the "Soil Venting Stack" stack.

Select "Number of Extraction Wells" from the list of options.

Card SD1 of the "System Design" stack should be displayed, as
pictured in Figure 26. :

Card SD1 of the "System Design" stack.

Read the text, then use the right-pointing arrow to advance to card
SD2.

Card SD2 of the "System Design" stack should be displayed.

Card SD2 of the "System Design" stack.

Action:  Read the instructions on the card, enter the following values into the
table, then click on the "Update" button:
Soil Zone

Parameter Medium Sand __Clayey Silt Fine Sand
subsurface interval (ft BGS) 10-30 30-43 43-50
description of contaminant gasoline gasoline gasoline
radial extent of contamination (ft) 20 20 20
interval thickness (ft) 20 13 7
average contaminant concentration 100 1000 10000

Result:  Card SD2 should now resemble Figure 27.

Step6:  Location:
Action:

Result:

Step7:  Location:

Card SD2 of the "System Design" stack.

Use the right-pointing arrow to advance to card SD3 of the "System
Design" stack.

Card SD3 of the "System Design" stack should be displayed.

Card SD3 of the "System Design" stack.

Action:  Read the text. Note that “clicking" on many of the table headings
will take you to "help" cards. Take a few minutes to explore the
use of these, then enter the following information:

Soil Zone
Parameter Medium Sand _Clayey Silt Fine Sand
permeability (darcy) 10- 100 0.01-0.1 1-10
design vacuum (in H,0) 40 40 40
Well Construction:
Radius of Influence (ft) 40 40 40
Extraction Well Radius (in) 2 2 2
Extraction Well Screen Thickness (ft) 10 - 5 S
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D sign Input Param ters...
¥ (soil statigraphy & contaminent characteristics) Selecths wtalmass @ ]

. units hatyou prefer O [Iv]
B Please enter the required information for each distinct soil e AT Faoiss
| layer, click on the "Update* button, and then proceed © L]

the nextcand ({.e. click on right arrow at botom). Contaminant
B (thes tab kay can be used 1 move between ce Distribution

iaternal | AVenge
Description of Depth BGS* Descrptionof | . \hickzass| eone.

Sofl Unit (1) Contamination 11 (melkg]

Medium Sand __]10 30 |gasoline 20 20 100
Clayey Siit 30 43 lzesoline 20 1311000
Pine Send 43 S0 ___lgasoline 20 2]..10000

@ o fon Ia bo bo e

* Bow Ground Bwlace

Figure 27. Card SD2 of the "System Design" stack.

i Dezign Input Parameters... [Now:- click on any mble heading ©] O Meliua 8122

_ get more fnfo Q Fina Bsd
Please enter the required information for - use tab key © move O ity 8l

H esach distinct soil layer, and then proceed between celly o .
© te nexteand, Clayy Biks

Extction Well
Construction Critical

Design K Yolume of

Description of Permeabilit* | Vecuum will | sernea | naliug of

ndivs Jthickness| influence Alre*
Soil Unit {darcy) (inH20)| 1) | m il {Le)

Medium Sand 10j v | 100 0 2 10 40 128.48
Clayey Siit 0.04 4 ) 2 S L) 128
Pipe Sand 1 10 40 2 S 40 128

00 |3 JOv [N 1A WD RO b

h *]
L]
L ]
L <]
L +]
©
2]

# Exter or ¢hoose from Bist a top right ** ninimum volume of vapor required to ackisve remedistion

_Clear All Entries

Figure 28. Card SD3 of the "System Design" stack.
\%
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Step 8:

Step 9:

Result:

Location:
Action:

Result:

Location:
Action:

Result:

The "Critical Volume of Air" is calculated by the same procedure
used previously in §V.3.2 (steps 10 -13). To initiate this
calculation, "click" on the "Critical Volume of Air**" heading.

Card SD5 of the "System Design" stack appears on your screen

(Figure 29).

Card SD5 of the "System Design" stack.

Read the text carefully. The focus of this card is the prediction of
vapor concentrations and removal rates as they change with time due
to composition changes. It is important to try to understand the
concepts introduced in this card. For more information, read the
reference article contained in the appendix. Click on the "Do a
Calculation" button to advance to card SD6 of the "System Design”
stack (Figure 30).

Card SD6 of the "System Design" stack appears on your screen.

Card SD6 of the "System Design" stack.

This card is used to finalize your input data prior to calculating vapor
concentration and residual soil contamination composition changes
with time. Read the instructions in the order that they are numbered,
then enter "18" for the temperature and select "weathered gasoline"
from the three composition options. Because it is difficult to present
the behavior of each compound in a mixture composed of an
arbitrary number of compounds, the output is simplified by
reporting the behavior in terms of "boiling point" ranges. This
simply represents a summation of all compounds whose boiling
points fall between pre-specified values. Presented in this fashion,
the model results can be interpreted much more quickly. Click on
the "tell me more about BP ranges..." button, read the help card,
then return to card SD6 of the "System Design" stack. Click on the
"-->Set Default BP Ranges<--" button. Your screen should now
look like Figure 30. Click on the "Generate Predictions" button

The message "Sit Back and Relax..." will appear on your screen,
followed by a screen on which the following appears:

"Copyright © Absoft Corp 1988

Copyright © Shell Oil Co 1990

HANG ON ----- YOU WILL BE RETURNED TO HYPERCARD...

# OF COMPOUNDS IN LIBRARY = 62"

Then card SD7 of the "Systern Design" stack will appear as shown
in Figure 31.
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Critical Volume Calculation...

typically observed in ventng
operations.

The results are plotted in this vay ©
emphasize that the degree of

venting depends mainly on the
volume of vapor exacted divided
by the initial mass of residual
hydrocarbon. For the example
pictured at the right, approximately
100 liters of sir must be withdrawn
from the subsurface in order ©
remove about 9098 of a single gram

remediation that can be achieved by |-

QC/QC(t=0) % Removed
1y
Weathered Gasoline }
T-ZO'C '80
A 1095 moisture content |
C(=0) = 222 mg/l
60
.0t ]
40
.001 1
=20
10001 g
= 0 100 200 300
QUm(t=0) (/g)

Return to Design

-

Do a Calculation

j SDS

Figure 29. Card SDS of the "System Design" stack.

Figure 30. Card SD6 of the "System Design" stack.

v

! Critical YVolume Q@  Temperature (*C)
Predictions... Conmminant O Enter Distribution
| [Simply enver he wmperature at @ Compo:idon—‘l: O "Fresh® Gasoline
4| the right, and then specify the (choose one) @ "Weathered" Gasolins J
| | composidon of wmconmt (Vichi:u-ibnﬁom )
If you are unsure about this, click
H{|on the "About Composition..."
H | button Jocated et the lower right ©) (> SetDefault BP Ranges <— )
| Boiling Point Range #11 -50 lto] 28 | C
| | The model returns output that | |BoilingPointRange #2| 28 |tol 80 | C
‘n"“” you © determine |Boiling Point Range #3| 80 |{tof 111 [ C
""dp““m:mr"“? of oms || [BellingPointRange #41 111 1to] 144 | C
H |compounds falling vi Iy e :
[ boting pointranges. Type in ::::i: Boiling Point Range #5] 144 1 tol 250 | C
H [your own ranges, or choose [
B | e defautt vlues, & @ &znerate Predictions)
y N T N e o
? 1l me more about BP ranges... j{’ sD6 K About Compositon...
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Step 10:  Location;

Action:
Result;

Step 11:  Location:

Action;
Result:

Step 12:  Location:

Action:

Result:

Step 13:  Location:

Action;

Result:

Step 14:  Location:

Action:

Result:

v

Card SD7 of the "System Design" stack.

Read the instructions, then click on the "-->Import Data<--" button.
Your screen should look like Figure 31. The table in the lower part
of the card lists model predictions: vapor concentration and residual
soil concentration (expressed as a percentage of their initial values),
as well as the composition of the residual (expressed as a percentage
of the total for each boiling point range) as a function of the amount
of air drawn through the contaminated soil. Note that as the volume
of air drawn through the soil increases, the vapor concentration and
residual soil levels decrease, and the composition of the residual
becomes richer in the less volatile compounds (BP Range #5). In
the upper right corner of the card are displayed the saturated, or
initial, vapor concentration and the minimum amount of air that must
be drawn through the soil per gram of initial contaminant to achieve
at least a 90% reduction in the initial residual level. This value is
used in future calculations as a design parameter.

Card SD7 of the "System Design" stack.

Click on the "Return to System Design" button

A dialog box will appear asking: "Transfer Critical Volume Value?".
Click on the "Yes" button. You will now be prompted by another
dialog box asking: "What soil unit # is this value for?". Enter "1"
into the appropriate place then click on the "OK" button. You will
now be transferred back to card SD3 of the "System Design" stack.
Note that the value "128.48" has been entered into the "Critical
Volume of Air**" column for the medium sand soil unit.

Card SD3 of the "System Design" stack.

Enter "128" into the "Critical Volume of Air**" column for the
clayey silt and fine sand soil units. For this example problem enter
"100" for the efficiency in all three soil units

Card SD3 should now resemble Figure 28.

Card SD3 of the "System Design" stack.

Click on the right-pointing arrow at the bottom of the page to
advance to Card SD4 of the "System Design" stack.

Card SD4 of the "System Design" stack should appear on your
screen.

Card SD4 of the "System Design" stack.

Assume that you wish to remediate this site in 180 days. Enter
"180" in the "Time for Clean-up" column for each soil unit. Click
on the "Update” button.

HyperVentilate calculates a range of flowrates to a single vertical
well, then uses this value and other input parameters to determine
the minimum number of wells required based on two approaches.

v
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To read about these, click on the "Number 6f Wells" column
heading. Your card SD4 should resemble Figure 32.

It is important to recognize that model predictions are intended to
serve as guidelines, and are limited in their ability to describe
behavior that might be observed at any given site. One should use
all the information available, in addition to idealized model
predictions to make rational decisions about the applicability of soil
venting.

You can read about the effect of venting at this site in the article:
"Soil Venting at a California Site: Field Data Reconciled with
“Theory", by P. C. Johnson, C. C. Stanley, D. L. Byers, D. A.
Benson, and M. A. Acton, in Hydrocarbon Contaminated Soils and
Groundwater: Analysis, Fate, Environmental Health Effects, and
Remediation Volume 1, P. T. Kostecki and E. J. Calabrese, editors,
Lewis Publishers, p.253 - 281, 1991.
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H@ ( --> Import Data <-- ) Saturated Yapor 0.2053E+03 | [mglL]

Concentration at time=0

FIRST PRESS THE IMPORT Min Volume t Remove 13648 [L-sirlg-
DATA BUTTON! >90% of Inital Residual - residual]
These are the results for the Tempersture (*C): 18|

contaminant type that you have Contaminant Type: | Weathered Gasoline |

QVM(0) Vapor | Residual | BP#1 BP#2 BP#3 BP #4 BP#S
L-air Cone. Level Residual | Residual | Residual | Residual | Residuval
g-residual | [98 Initial) | [98 Initial] | (96 otl] | [FBtotl] | [ owl] | [ vwl] | [% vul)
.00 100.000 | 100.000 .690 11.650 24.010 22.140 41.510
.24 75.062 95.000 123 9.263 23.982 23.000 43.632

.57 58.631 $0.022 .000 6.755 23.474 23.820 45,950
.98 48.078 85.034 .000 4512 22.403 24.577 48.509
1.49 39.3%0 80.034 .000 2.632 20.771 25.248 51.350
2.11 31.941 75.035 .000 1.222 18.503 25.766 54.509
2.87 25.916 70.035 .000 .385 15.556 26.031 58.028
3.8t 21.150 65 037 .000 .068 12.053 1 25919 61.959
Return to System Design Print Cardj sD7

Figure 31. Card SD7 of the "System Design" stack.

Design Input Parameters... Note: - click on any mble heading ® get more info)

{ Please enter (1) the desired time period for - use tab key 0 move between cells
M remediation, (2) the design gauge vacuum, and

| then (3) click the "updet® buton. ®

®© - Mindmum Number of Wells
Descxipﬁox} of g::nfz; 3::::; Pl;‘x’:\: ﬁl:x: :;e 1;lor Based on Bu:’l ;n Cr:':i:d
Sofl Unit [days] |(inH20) [SCFM] Ara ol :
Medium Sand 180 40] 384 384.4 0.2 0.0 0.0]k
Clavey Silt 180 40 0.0 0.2 0.2l 643 643.0
Fine Sand 180 40 1.9 19.2 0.2 35 346|8
: NA NA Nal _NA NAlE
NA NA NA NA NalH
NA. NAl__ Nal___Na NAlR
NA NA NAl _ NA NAIE
NA NAl __NAl NA NAR

00 {~3 JOn 101 B 1D D b

NA - 2ot enough input &ata

<J " e
@‘, Clear All Enuies )5

Figure 32. Card SD4 of the "System Design" stack.

34



- HyperVentilate Users Manual -

References

Hutzler, N. J., Murphy, B. E,, and Gierke, J. S., State of Technology Review:
Soil Vapor Extraction Systems, U.S.E.P.A, EPA/600/2-89/024, June 1989.

Johnson, P. C., Kemblowski, M. W., and Colthart, J. D., Practical Screening
Models for Soil Venting Applications, NWWA/API Conference on Petroleum
Hydrocarbons and Organic Chemicals in Groundwater, Houston, TX, 1988.

Johnson, P. C., Stanley, C. C., Kemblowski, M., W., Byers, D. L., and
Colthart, J. D., A Practical Approach to the Design, Operation, and Monitoring of
In Situ Soil Venting Systems, to appear in Ground Water Monitoring Review,
Spring 1990.

/

Marley, M. C., and Hoag, G. E., Induced Soil Venting for the
Recovery/Restoration of Gasoline Hydrocarbons in the Vadose Zone, NWWA/API
Conference on Petroleum Hydrocarbons and Organic Chemicals in Groundwater,
Houston, TX, 1984.

Marley, M. C,, Baehr, A. L., and Hult, M. F., Evaluation of Air-Permeability in
the Unsaturated Zone using Pneumatic Pump Tests: 1. Theoretical Considerations,
in review, 1990. '

Thornton, J. S. and Wootan, W. L., Venting for the Removal of Hydrocarbon
Vapors from Gasoline Contaminated Soil, J. Environ. Sci. Health, A17(1), 31-44,
1982.

Newell, C. J., Haasbeek, .! F., and Bedient, P. B., OASIS: A Graphical Decision
Support System for Ground-Water Contaminant Modeling, Ground Water, 28 (2),
224 - 234, March - April 1990.

35



- HyperVentilate Users Manual -

Appendix A: "Soil Venting Stack" stack cards.




*Soil Venting mBn,x. Cards

This aldlnwlndln:lan 1o bolp gude environmental scientists
through the thought process nacessary % decids if and bow soud venung might
be applied to remadiats g gwen nite.  The organization and logic of thas stack
follows the paper:

“A Practical Approach to the Design, Operation,
and Monitoring of In-Sita Soil Venting Systams®
L 4
P. C. Jokasea, C. C. Sualksy, X. W. Ksmdlowsld, J. D. Coltart, & D. L. Byess

published in Ground Watar Moaitoring Revisw, Spring 1990, p. 159-178

In e following cards we will acsume [
that a leak or spill bas been discovered, -

#S ulnlulk-_ *Clean"
Sita
nulnalnllu lﬂltﬁl_
Puxp Test
Mo
[ Print Flov Diagram ]
. = A P
a
, g site

isplays the flowehart that is the ..“_,”4

wvithin any procass box wil take you o
tat section of the stack dealing with

that aspact of the thought process. u

alternatives, selection criteria

(cost, speed, permatting problems) shoutd
be established, and then the final

coptanunant is volatile,

Othar options are available hovewer,

A

1



*Soil Venting Stack® Cards

Flowrate Estimation: 1)
O Madium Sand
Fine Sand
Qsilty Sand
i OClayey Sils
O Ieput Your Own Permsability Range
Permeability Range
CITw ()

Well Radius ¢ __Jin
Radius of Inflosnce [ 40__INt
o [.X.1

® Qdskases of sonened howwl, or

@ Type w Temperaturs (C) (et wwtarn>) [ 20 ]

Click W Enter Compontion of Contamunant O Enter Distribution
@ o O “Fresh* Gasolins
Chooce ope of the Defsult Distnbutions @ *Weathered® Gasoline

(Yiev Distnbutions )

(3) click © View Distnbutions, (optional)

I Soil Veatiag Appropriate? .. @Kg
At tns pownt, you compare the [ egm&_!go.c

Remediztion Time Eaac.
@_ ~>Pras © get Reesc— -
If the meximmzzn removal rate
dooas Dot excead your desired Single Vertical Wall Results
removel rats, then soil venting 55 2]
" Desind Removel Ras: 22 xeM)
oot likely o moat your peeds, Bl G, vereom (m 120): 200] (wH20)
and you should consider anotber B | i Fiowrn @ 200 1 120 1crM]
trestment technology, of mate Mz Fovne @200 mizo | _100.66] [scrM)
your neads more realistic. 5 {Max. Est. Removal Ram:
FEER&.G-G&B&B%

Is Soil Veatiay Appropeiate? - Refied Estimatos

The preceding estimaias are
e\l only as a “first cut”, and

q o = ; 0

should be refinad if venting is . L h
still a potantially feasitle Vepor Cone, ictions, for a
Typically during soil venting, - . o |
the moasured vapoe Removl Rxn « ;
concentration and removal rele concantrations (C(LYC(t-0)] oY
|dependence on tums ressembles or pormalized removal retes B8 - 1

& .0001

5 0

1 R R .t,..u.,.‘"..._‘...”.”..,.‘” L s

tte plot on U right

{vhen the total vapor flowrsie Ties (@)
is relatively constant)




.. .M, <.~>..
*Soil Venting Stack’ Cards
<3 ﬂv‘?‘

Is Veating L\\\G\Q\Nﬂ.\

This is & complets summary
of the data and results.
Based upoa these numbers, a
*minirmm mumber of vells®
has boan calculated, which
should give you some
indication of bow

Pemmeadls Zoms Thicknsse (R}
Fiowns p Wl (120° Yeo) [SCTH) 6.63
Firwns per Wal (120° Vac) [SCPFN)

rowtace 4 ca '
Gose peediced for ©e Sleal case. Each of Gese o — :
discussnd 1 A Pactal Apyioach © e Desiga, = %

RRRRR eating
Syvums®. You can e mow chowt each by

Dulution Effacts

Liqud Layers

Prior 1o the decign of an in situ soil
venting systam, it is dasirable o
obtain more refinad estimatos of the
uneaturstod zons permeability,
potential vapor flovratss, and
contaminant vapor concentrations. [ni I
addition, if a groundvaler pumping
syreem might be installed, then
aquifer characteristics must also be
determinad.

Click on ths buttons 1o the right to
learn about those tests, or 0 analyze

data that you bave already collacted. [}

System Desiga...

For e syrem dasiga Jrooess, you shoudl eswmbls G folioving aformetion:

© giis plaas (sdowing sebswiacs wilities, wnks, swrfxe sywcwms, 6T.)
* plow of s Fubsertacs (geokgic crosr , wvaxy whle Baps, and soil boting and grownd veer
nxpling nsue)

* conzainant compoition (or boling poiat dsuiheicn)

okt ity wot dam (p hiry velurs & vRpOr coBDREITRTiOnS)

* aqtfer charcurinks (pound vars gadinat, equifer pumsablitty, ot )

Cwt's Burvim
Mation:

8in
CQuutwintin
Bareks

© A3



"Soil Venting Stack® Cards

System Desiga...

At the right is a list of the cornponents
of a venting system design. Click oa
sach b condurt the indicaied phass of
the dasign process

Remember: [tis aot owr ixwxsion © povile &
geaszic mcips for vecwmm exvacion SRR
(Gasign; asuad v sugyent e liowing es &
| swecemnd Gought prcnss. As you shall see,
oven i & sywctmnd Gowgit procesy, ateliion
ad experieacs play imporuat miss. Them
20 guhetinn for @ good fendemeanl
wdesuading of wpor flow oS,
exarpart phesome, and Cownd vt Govi

O Number of Extraction Wells

O Well Location

O Well Construction

O Surfacs Seals

O Groundwater Pumping Systsm

O Vapor Treatmant

System Shut Dowa. .. .

= Trealts
2, Survios Bution
:’:;B::d b-‘:;-ﬁhb::‘s
onsasn g [aoohewD)
and are based on the estumated
potential impact that any N il
rendual may bave on air

Q Cumnlative Amount Removed

O Extraction Walt Yapor Concantratioa
Q Extraction Well Vapor Composition
O Soil Gas Data

quality, ground water quality, or
other boalth standards. They
may also be related to safety
considerations (explosive
limits}

vakicies for wchnology eansfer. Ith wp
© e wes of Gis pOgIRIE © faige ow
‘wall Gt goal has doen ackivved.

Stuce i concwpiing, G FYTER'S SCOPe

System Moanistoriag...

p 3
y am
) .

mwmd_lnd?nﬁng O Date and Time
O o ffcon opion w0 V29oF Flow Bates

0 balp determine when bo shuz off |O Pressure/Vacuum Readings

e sysam. O Vapor Concantrations & Compositions
O Tempersture

O Water Tabls Lewvet

QO Soil Gas Concantration & Composition

At a minimun, the items listad to
the right should be moesured.
*Click® on any ons o gat more
informetion. ..

*Click” on any item below (&
bold button down) to see costs

Economics... @

associated with that item.

For typical service station sites,
clean-up costs can range from -
$100K - $2350K for the venting ol
operation alows, dependingon il
the complanty of the sits,

cloan-up time, permitung

requirements, and the type of
wvepor treatment systam wsed,

The two major costs are
generally associdted with the
vapor trestment unit and
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Appendix B: ''Soil Venting Help Stack" stack cards.




*Soil Venting Help Stack® Cards

Help: Stack Information ,-

Eields

Buttons have been placed in each | Ficlds may contain information, or they may be

eard. (licking on any button will a place for you to input numbers.

perform an action, such axc
Go Home to firt
card m Ventmg Stack

Go o ncat card

Scrolling Fleld:
Chck on sTOWS D moOve
2t op or down
Boxed Data Fleld:

When a0 [-beam
Prot card or m1.w

Go o Help card Try this examples

Baser Number in Box

=t fcld ¢ e the
Yoz b ot e e, Thea l:"'lm

Perfarm s Calcalsnon YW may ey deta.

A bum will then usaally
When curious, click on Symbols, “PW"FM.
Pictures or Text

Hlp: In-Situ Soil Venting System Degn Process |

This is the decision process that onc must follow to:

1) decide if soil venting is applicable at a given site

&

2) design an effecuve soil venting system

1t is an abridged version of Figure 2 in A Practical Approach 1o the Design,

Operation, & Monusoring of In-Sistu Soil Venting Systems™, by P. C. Johnson,
C. C. Stanlcy, M. W. Kemblowski, J. D. Colthart, and D. L. Byers.

Help: Thermal Desorption
Process Description g_’:e‘.:::’
In a thermal desorpuon treamment _I
et ot || 11 ST 0
volatile/semi-volatile organucs sre [
heated, and the volatlized Thcenal Screw Desarpacn Umit
contaminants arc stnipped with air,
steam, o combustion products
(bumer flue gases) at relatively .

d wpered with -| Solid Waste
incineration (200-500 C versus ;] Collecnon
1000-1200°C). The desorbed
organic contaminanis are

Process Descripion

Composting 15 an above-ground soil
manageament technique in which
amended $0il, containing organic
wastes, is placed in large piles and
scrated. The aeration enhances
microbial degradation by providing F:
oxygen to the soil/waste. With
timne, the decomposed waste is
reduced in weight and volume, and
the process produces a stabilized,
ennched, humu-lxke matenal,

bl i JOE |

| *A Guide 10 the A

Help: About Soil Venting )

Mo mfarmanas sbout soil venrmg can be found o the following srbdes:

M C. Madcy and Q. E. Hoag, Induced Soul Vennng for the Recovery/Restarazon of Gesaline
Hydrocarbons in the Vadose Zons, NWWA/APT Confe on Petrok Hyd: od
Orgamc Qiczacals 1 Oround waxer, Houston, TX, 1984,

P. C Jobnson, M. W, Kemblowaki, and J. nmmmumm.umrusu
! Hydrocarbons and Organc Qe mucals :

N.J. Hugrier, B. E. Murphy, and J. S. Gearke, Stax: of Technology Review: Soul Vapor Exgacaon |-
Symems, USEPA, CRI1431901-1, 1988. :

D.J. Wilsoe, A N, Clarke, s0d 1. H. Qarks, Soud Clean-up by meaims Acrazon. L Mathemaneal
Modelhag, Sep. Sciencs Tech, 23:991-1037, 1988.

More information sbout site inv
following asticles:

AP] Publication 1628
and Remed

of Underground Petroleum
Releases®,
American Petroleum Insutute, 1220 L Street Northwest, Washington DC, 20005

Process Description

Incineration, or the thermal
destruction of wastes, is a complate
destruction technology that can be
used 10 treat soils contaminated with %
8 wide range of hazardous organic
wases. Contaminated soils,
sludges, or liquid wastes are added
to s high-tempersture combustion

| chamber

(rotary kiln, fixed hearth, multiple
beanh. ﬂ\ndl.ud bed. liquid

[ -

st

over an area of land, then relying
on natyral microbial acuon to
degrade the waste. It is 8 widely
accepted and cost-eflective practice
for the treatment of petroleun
hydrocarbons, chlonnated
compounds, and pesticides. In this
process soil-associated
microorganisms (bacteria and

NS AL - 4

SdndoW-nnTuy"-ll'%f Y




Process Description

Treatment of groundwater and soil
contamination below the water table

(saturated zone") by ingita b3
biostimulation involves the addition [
of nutrients and/or O2 (usually as P74
H202 or liquid 02) to sn aquifer in
order to enhance the degradation of k

Process Description
“Sol ® is the pr

from soils or sludges by mixing

them with a solvent into which the
contaminants preferentially

partition. Which solvent s used for f3]
any perticular trestment is very
dependent upon the type of
contaminant present in the soil.

The solvert should have 8 high
affinity for the cortaminant(s) of

Nowm that k denowes the *permeabuhity” of a parous
meédia, while K represens the “kydmalic
onducawiry®. The two aro relad by:

K=k P8
B0
where:
€ = ccalsaion dw © grwity (960 caiv?]
Prp = viscosRy of weny [0.01 gicmrs]
Pxo = denakty of wass [1.0 giem?)

Whea choomng permeaiuhity vahucs it is
imporumt 00 kocp in mind tat k (or X)
often vanca by scveral ordars of
magminde over scaall dwomors. For this

Fale-

=$iity Send—
<Clean Sand-

~Gravel—

1) Enter value of hydraak Dilury
2) Qhoane inatial wnits
3) hooes final wrnsm - (chok far each calculason!)

| I—
.Cmmfxm
O ank
O twd
@ am?

*Soil Venting Help Stack” Cards

Process Description

| [Stadilization and solidification are

trestment processes designed o

either improve waste handling and
physical characteristics, decrease 3
surface ares across which polluunn
can leach, or limit the solubility of
hazerdous constituents. When

Help: Decision Matrix
al 1§
® - gppliable A % E é:
e anﬂth §§ 5. =§ 5 o
LEHRRHREEE R
N R
(1)- Dmnumpuad--\uvuyn O Avanan Poel 0[0]|0]0 e‘o_gi ole,
ele]s]ejs]slolels| Tele
Sl {olel el o
olejeof ololeje]eje]e
[ ole
0 of lelele!
® DORDO
HI2

. m«mnm-mmm oas-hmenmonal, radial flow soluzca © & verucal well, While

good for vapor £ In Y 18, of course, Limited
bymnmdunhumuqm.la lar, the greasont umﬂymm
with te sal parmeadility, maqunmmd gni over amall &

Q_ . kp [1-(Paw/Po))
H B 1la(R¢/R))

k = so permeability  ms flow [ or [darcy)

I -quu-uuo"um.womoq

P, = sbeclu> preasire st extracaon well (g/am-e2] or (ax)

gn- sbeolu smbecnz pressre = 101 2 10%gAm o3 or § sm

Ry, = radiu of vapor cxracnon well {cm)

Ry = radius of influnce of vapar exrecnoa well (o)

H = tuckorss of well acroon mecxval, ar parmeabic sou zans (chooss smalicst value)

Mass Molecular Pressure
Compound Name Praction  Weight (s) @[T¥ 1"

propanc 0.00 44.1
isobutane 0.00 58.1
n-butane 0 58.1
trans-2-butene 0 56.1
cig-2-butene 0 56.1
J-methyl-1-butene () 70.1
isopentane 0.0069 722
1-pentene 0.0005 70.1
2-methyl-1-butene 0.0008 70.1
2.methyl-13-butadiene 0.0000 68.1 063
[J.30000 ) = Sum of Mass Fraczons
(should be =1)

| View Only Mode ' Vapor

O 00~ O\ A B W N

B Ratun © Vapor Conc. Esumanan Card Pnot Lasta

B2
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Summary Card: Site Characterization

the following:

pl must &
Contaminant Delineation
. ==nd freo-pham kydrocarbon

Subsurface Characterlatics

+ 008 e graphy

* characimrisd s of distmct scal leyors
(permeablity cstimasrs, soil types)

* dopth 12 grovndwaer

* pound waser grachent

. 'mu- oy

* aquller parmacability (catmats)

* Subsrfacs & ebove-ground tom parenos

P mae infe seu AP Palicstion 1638
“A Cuids & the A,

Help: Data for Fortran Program
=
M:‘ﬂﬂ'(' <) (A_il:) Solulahty
’ coml’ound Name (::‘. ?ﬂ 20°C
1 | propene “l |25 e
2 | isobumne 581 |12 |29 oo
3 |obumm ssa |4 fan e
4 Temed-durne 61 1 her jeo
$ Jds2buem s61 ¢ 119 Je30
6 Jmoetiyl-1buroe 700 |21 foss 130
7 |wopamns 122 |28 o8 |as
$ |1pmmwoe 701 30 07 |1es
9 |2 @etipt bures 704 |31 |o67  |1ss
10 {2 medhy 1.1 3-burss 601 [34 Joss  [ea2

D Talie 0n the nght,
Thoa, ik Calulee.

=W A ONAS N

vopx Goe vepar flow
— - —
= TP =

Side View

»
vapor flow t

Top View

Tho (g e above depicts the case where some vapors “bypass® zoncs of
Seatxuratan, and therefore the vapors removed from the extraction well
FEpYTRaN. & mixture of the vapors obained from both contaminated and clesn
VA Zowpathe. Onc can roughly judge the amount of bypassing by the well
pb:una.\ m and contaminant distribution. Gcmuy. obscrved

are conably 10 SOE afthe ideal

AN

"’{ il

.;‘,‘r’

1

f

B3

Compound List Default Data

V! New V
Bch.w w Vapor
Mdeul-q (Amm)
W(::kelor-ao

Mass Fraction Data
# Compound Name

“.l 3

58.1 wm
381 an
561 197
361 .79
0.3 096
0.78
0.7

0.1 057
68.1

mly-ummbypmmmcndyn
Prior to e malysea, choos sbout § - 10 marker
compounds whoss properucs arc well known. Ofeas
xnes of srmght chasn alkancs (n-bumne, o-peatane,
o-bexans, eic.) is chosen. Then the unknown muxture is
analymd, end the arcas of all peaks eluting betwecn the
reambon imes of two knows poaks am sonmed md
eatod a8 one of the knows praka, a8 iSustraxd o the

Ia this estimation of equilibrium
(saturated) vapor concentrations,
we assume that the contaminant
concentrations arc great enough
(>200 mg/kg TPH) thatitis
distributed between vapor,
sorbed, dissolved-in-soil-
moisture, & freo-phases. In this
case, the equation at the right = vapor pressure of componcnt s [san)

spplics (look for “Raoult’s Law" = molcaular weight of comp 1(mgAndie}

& the "Idcal Gas Law” in any = Univeasl Gss Coneant = 0.0021 |-aan/K-@ole
thermodynamics textbaook for = absoluz wmperacurs (K] = T(C) + 273

= il vepor conaentrancs {mph)

= gumber of components
= mole fracnon of caxpanent

| references). We do correct for

In Figure 6b, vapor flows parallel to, but not through, the zone of
contamination, and the significant mass transfer resistance is vapor phase

diffusion. This would be the case for a layer of liquid hydrocarbon resting on
top of an impermesble strata or the water table. This problem was studied by

Joh et al {1988 - NWWAJ/API Petroleum Hydrocarbons Conference) for

Let’s Do e Calculation

Show Me Equations
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’ ’ | H2s |
Help: 6¢) Low Permeability Lenses

B4

- - Cen Cott - C, t
Rea = = (RE Rb"/——&“zg 5 1/5::—?;

Denvauons for these
equations are given in .
= cstrmand xmoval rax (mghd) Johnson, et al - "A Practical
= thickneas of “dricd-our® zane {m) .
= dcfines repon tn which contammancn s prescat {m)
= defines region in winch contammancs i preseat [m)
L4 4 vepor (mgmd)
p= =cffecawe soil vapor diffaman coeffiacat {m2A) Systems® - 1990.
Coea = munial smdual level of contammant 1 soll [mg/kg)
Peug = sul talk detmry (kg/m3)

In the siuation depicted above, vapor flows past, rather than through the
contammated soil Zone, such as might be the case for a contaminated clay lens
surrounded by apor diffusion through the clay to the

Show Me fquations - Return . Let's Do & Calculation

T =umo(d) . These Equations arc valid
for single-companent

Let's Do a Calculation

Help: Default Boiling Point Ranges

Help: Boundary Layer Equations

R »NQCu
1 = - (60“) TR AReY Paca - P2 VRI- RE

The equation above = esnmaind removal rae

estimates the removal = efiacncy rlanve to maumum removal K

rate from & layer of ¥ .dtoave:lup:m: cecffiaent (anl/s}

liquid product by a sy L los o

tingle well, bused ana | = oo of st e

Boundary Layer Theory | = rach1s of mflucacs of veanng well [cm)

spproach 1o the * = vennng well radius [cn]

problem. It is not = absaluin e buest preasure = 1.016 3 106 g/an-2
v 1 > = abaclu preamure & the veatng well (gm-a2)

directly applicable to Y] Rya<R,; = defines region m which contammanoa s prescot

mixtures, bocause it

The Fortran program HYPEVENT will report residual levels of compounds
falling between user specfied boiling pomt ranges. The default values have

been ch so that rendual levels of compounds with boiling pouwnts between
the following compounds are grouped together:

Propane - Isopentanc (-50 o 28 C)
Isopentane - Benzene (28 to 80 C)
Benzene - Toluene (80- 111 C)
Toluene - Xylenes (111 - 144 C)

Xylenes - Methylnapthalene (144 - 250 C)

Help: Low Permeability Lenses - Calculation

(1) Soil Type (choose one)

Tust enter values into the O 1) Process Varlables: o\ T TR
OMaumSmd O CQayey Suln appropriate fields, then click on | (mput values) - (el ® 2
the “calculate” button. vestng well ndus (=] . R 1
O sy Smd © Fioe Send % rachal wadth of contamman zone {ft] Time e;‘:l': 5
O Ioput Your Own Permeabihity Range The "Relatve Effict s the level (mg/kg) (days) (kg/d) (m)
1 to 101 [dareys) ratio of the predicted removal 2) Contaminant Properties: ; ?2735.24553 94
(@) Process Varlables: rate to the removal rate that coumnnent molecular weaght (gAmaic) 10 508 84 140
| huckncns of screcned erval (0 would be obuined if the extracted conummant vapar pressre (om Hgl .60 421 481
racios of miluencs of veonng well [[] | VAPOrS were saturated, or in wpersours (C) % ; ﬁ“” )
ventng well radrus (o) equilibrium with the liquid 5 © use valucs already 1aput from Card 10 essees 4.0 210,66 ¥ &3
sppbed vecum at well (in F20] Juat coxt vahas 1 the spproprak elds, Bea [0 fereee 0 18, 19
radial mdch of contammnard zone Relative Efficlency = m dixck ou the *Calcul ste® button. Q ......o_;gg :.? 4_ ‘QQK
Q® (= Gikuhie <= ) (%) 538 — v’ | | 0 307 043"
) Return H30

Dunng venung, the pressure
withun the rsdius of influence of Genenlly, the DATE and M

the vapor extraction well is should be recorded along with any
lowered, duc to the applicd meaguremnent that is made. Given the
vacuum. This lowering of the time scale for venting-related
prexsure affects the groundwater processes, recording the time to the
level tn this zooe, and an nearest minute should be sufficient.
“upwelling®, or local rise in the
waler table will occur.

—

—

—
"

Sample devices are Rolex watches,
hour glasses, sun dials, and umers.

The local water table nse can be
as great as the gauge vacuum

Ground Wazer Level Ground Wazer Level
spplied at the extraction well

Befare Swrt of Veong Alex St of Venung

QL Fror | o ot iy ey s




<

o

th
s

“t' i
‘«,‘g.“
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*S il Venting Hei;s Stack® Cards Bs

Vapor flow rates from each Pressures/Vacuums should be
extraction well and into any injection measured at each extraction and

wells ghould be monitored. injection well. In addition, subsurface;
pressure distributions (measured with
Sample measuring devices include vadose zonc installations) are useful
pitot tubes, onface plates and for detarmining the zone of influence
rotameters. It is importans to have #nd vapor flow paths.

calibrated these devices at the field
devices include manometers and
differential pressure gauges.

The vapor concentration and The so1l and ambient temperatures
composihon from each extraction can have a significant effect on the
well should be analyzed periodically. | performance of $0il venung systems.
Thus data is muRiplied by the The soil tempersture affects the
extraction well flowrate W calculate | contaminant vapor concentrations,
the removal rate (i.e. 1b/day), and E while the ambient temperature
cumulative amount of conaminant | controls whether or not condensaton,
removed. oc even freezing will be significant
For future reference, therefore, it is
By itself, vapor concentrauon data R useful o record the ambient and soil
does not give a complete picture of |y N ' temperatures.

the sysiem's performance. Decreases &

3o b S

s

ina

Ty e e,

Vadose

Whenever the contamunated zone lies These should be messured Zone Bax Contmnmng Vapor

near the groundwater table (within 3 periodically at different racial Installation H|f Se=plos Pocu &

o 5 f1), it is important to monitor the | distances from the vapor extraction

water ublc level to ensure that well{s). Data from sou gas sampling
d soils i d to is valuable for three 3

vapor flow. Measuring the vmc <

table level during venting is not a ; (1) by compering extraction well

trivia] task because the monitoring o concantrations with soil gas

well must remain sealed. Uncapping fg‘ concentrations, it is possible to

the well releases the vacuum and any | esumate the fraction of vapor that is

effect that it has oq the water table [ . flowing through the contaminated

level. zone (L.e. the “efficiency” of

pro,

Y

-

R RS

~
s

CUMULATIVE AMOUNT 7 EXTRACTION WELL VAPOR
REMOVED CONCENTRATION

is determined by integrating the the vapor concentrations are good
measured remaval rates (flowrate x b indications of how effectively the
concentration) with time. While : ¥ vamq system is worung. but

this value indicates how mmuch 5 -} in vapor well
contaminant has been removed, it is fS : conoenirations are nok strong

usually not very useful for y o X cvidence that soil concentrations |-
determining when to take 3 . Te N have decreased. Decreases may alsofss
confirmation borings unlcss the : TR oce BG4 Y be due to other phenomena such as .
original spill mass is known very |+ e =l water table level increases,

k [accurately. In most cases that increased mass trangfer resistance
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Soil GasData... | S

SOIL GAS DATA

Extraction ell Vapor Comosion... |

EXTRACTION WELL VAPOR
COMPOSITION

Soll Gas Monitoring
Installation Results

this data is the most useful because b

Siraol o

when tombined with vapor it ylelds information about the
concentrations this data gives more 4 residual composition snd extent of
insight into the effectivencss of the g«, contamination.
system. If the total vapor 5’1
concentration decresses without 8 4 Vapor concentrations can ook, (n
change in composition, it is %&’s genearal, be usod o determine the XS
probably duc to increased mass | residual level, except in the limit of [
wansier resistance (water table b4 very low residual levels (when
upwelling, drying-out of low §$§ vapor concentrations are

(O

permeability zones, etc.), and is not proportionsl to soil residual levels).

Soil Boring Data... ,
| SOIL BORING DATA Soll Boring Results

TPH BTEX
Genenally confirmation soil borings §<: mghg] [maAg)
; 20
120
ND
0.1
ND

are taken once & systermn s turned ,
off, and these are often analyzed for k¥ 1200
TPH (total petroleum 14000
hydrocarbons) and volatile
residuals.

¥ 1One should keep in mind that TPH

R | results can ofien be misleading,

since they reveal nothing about the
composition of the residual or its
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Appendix C: "Air Permeability Test" stack cards.




Air Permeability Tests...

*Air Permeability Stack® Cards Ct

The purpose of an air permeability test is
to obtain site-specific data that will be

In particular, one typically trics to get a
better estimate of the soil parmeability of
each distinct sou layer 1o be trested, and

O

=4

( Show Me Set-Up J

F’l‘cu Instructions J

F Data Analysis

)

- Instructions

1)
Identify soil zoncs to be treated

2)

Insuall vapor extracuon well(s) in this
zone(s). Exisung movntoring wells
may be used, when the screen interval
extends only into the zone to be
uested. Note the extraction well
radius and borehole size. Insure that

zones through the borehole (use
cement/grout to sesl annulsr

-_Q
P(f,‘) = 4_‘1).

T = radial distancs from extracton well
X =20l permeatahty
F =ar vucanry s 0.018 cecoapows

the well is not “connected” 10 other soil 3

Air Permeability Test - Data
The expected decrease in subsurface pressure (increase in gauge vacuum) P is
predicted by: (soe Johnson et al [1990) for denvenon)

( show me sample data }

Pore Volsme Estimates:

Enex:
1) Sau Layer Thucknens [fi}: 6.6
E d Radius of Inftuence (k| 50
3) Azr Perm. Teat Plowrase (CPM]: |

] | Pose Votume: 15543 |freey
Time © Extract ¢ Pose Votume{0.72 | days

Fir Permeability

Test Set-up

Vi
Row

Pictured at the right are the
soil vacuum measurements
from an air permeability
test conducted in a silty
sand.

The specific operating
conditions and site :
characteristics are described

in "A Practical Approach to ¢
the Design, Operation, and - [
Monitoring of In Situ Soil [
Venting Systems®, by P. C.

Analysis

Ll
e
€ Rarnt

¢ = arfiled vad fracoom

Air Permeability Test - Data Analysis (cont.)
The pameability, k, can then be calculated by one of two methods:

(D The first is applicable when both Q (flowrate) and m (well screen interval) are
known accurately. The calculated slope A is used:

) 3

dep
”,hqiﬂ.

e OB
4Axm
@ e d spproach is used whenever Q or m are not known with confidence. 4
In tus case, both the slope, A, and intercept, B, are used:

Smoi-)]

Alr Permeability Test - Data Analysis (cont.)

For (12 € w4 X Pag 1) < 0.1, the governing equation can be approximated by the
expression: :

S *) . Ly Ben
P (05772 - a2 4 1)

This Equation predicts that a plot of P -vs- In(t) should be a suwuight line with slope
A and y-imtercept B equal to:

-9 . l‘cu)
1m(!lu)‘-u'm h“”’h]

Alr Permeability Test - Data Analysis (cont.)
=[324]Jm

rl::(ﬁ)

(mm) (mH20) (m:)  Ga H20) (mm) (@ H20)
9| 4 1210
n 7 3] |
13 9] a3
B 12| ss
3 18] 69
40| ul 99
100 30 n
3 13
52 16
bl 20[0
Coex) (o) (gear)
ra[18.6548 | darcy (A) k-d-!:y(A) = darcy (A)
1=|929866 Jawcy (B)  K=[1.26739 Jdacy (®) k= darcy (B)

Rmm & Sl.nm] APS




"Air Permeability Stack® Cards

Air Permeability Test - Data Analysis (cont.)

On s provious Card (APS), tho daa you mpxa wero fit to the spproumas expramon given oa Card
APS. It wus analysed enng boch methods deacnbod on card AP7, if you isput values for the
atrachon well fowrar (Q) and the swratum thicknoss (m). Balow cach columa of daza, te teo
calaulamed permcablity valuos are denoed by:

darcy(A) - relcrs © calculation mothod 1 (08 Card AP7)
darcy(B) - redexs © calculanos medod 2 (0o Card AP7)

Dunzg the regr lysca, 5o dats 61p das
paurs of points (1), ) aro fiz © & ls. The

c2
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Appendix D: "Aquifer Characterization" stack cards.




*Aquifer Characterization® Stack Cards D1

Aquifer Characterization:
Since most venting systems are installed above "phreatic aquifers® (aquifers with

Aquifer Characterization:

To achicve efficient venting, the unconfined upper surfaces), the two primary aquifer parameters needed for des
hydrocarbon-contaminated soil must ares Ik o
:o:’“d to air ::" M‘::"lh K = hydraulic conduativity
contamination lies closs 1o, or below, § = effoctive porosity (or specific yield)
mwwﬂmwnw The first parameter represents a convenient combination of the fundamental
table), it will be pecessary to purameters: permeablility, density, and viscosity:
incorporate a groundwater pumping X
system in the vapor extraction system x..&l
design. where:

, K = eomcahiluy

: P = fhnd demmry

: § = sccelszason dus © gy

A= viscomry

Aquifer Characterization - References

J. Bear, "Hydraulics of Groundwater”, McGraw-Hull, 1979, ISBN 0-07.004170-9,
P 463 - 490,

Aquifer Characterization:

These parameters (K and S) can be estimated using the results of a siandard transient
groundwater pump test with & constant pumping rate. The resulis are then compared
against standard “type curves® for specific aquifer situations (i.¢. leaky, unconfined

R. A. Freeze and J. A. Cherry, “Groundwater®, Prentice-Hall, 1979, ISBN
0-13-365312.9, p. 339 - 352,
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Appendix E: '"System Design' stack cards.




*System Design® étack Cards E1

Number of Venu'ng Wells... Desagn l“l’“t
The p for
mhdqmmwﬂnnmﬂ.mu .
process weed previcualy to deermne
venting \s ApPIOpOAR 8t & gIven B,

o, 'Y

m“mmwumrummm
Iayer, dick on the “Updan® tutton, and then procoed ©
bu:lwd(ic.dﬂunﬂlmvnboﬂm).

As illustrated ot the right, we wall

3
o
b

»

by

Just procood ® follow the scrps dactared on JRNY
te falowmg caurde—>

oo 2 Jon ha i b

Desig Input

DeSign (l‘:l:ut e Noe: - click on 2y table beading © get mare info
Plesse ez demzd tme penod ~usctablry o clls
Pleasc te requured ufommanon f y D move betwean
m,wm,muﬁdum,; remodiston, (2) the domgn gauge vecuu, md
vicoated O Qoyey s ten (3) dick tho “updac® buwn O Clen)
C Cnocal @ @ Mimumum Number of Wells
Lemgn Volume of Timefar | Domgn | Flowrwe per Vi
Descopoca ol | pormeatiliy® | Vaoam | o, [empn ] Axes  [EfSomey Doscopoon o | | Vacam | Exoacom wep | |2t !
Soi U Gorey)  Jamo| i [ | w | g | Saltet | ) |@ivo)|  scrm =
.3 4 Mo Smd lw.|...090 9 A )0 4. 03048 109 L Mediva ded, 180 1. 84w ... 0844 9.2 29].%. 2.9
L2 Qe S0, 201w ) @ A 3 & 123 109 A Qure S 180 9. aelm 23 9.20.... 842 .01, 6400
k.21 Pne. fend. Hwl..J10 49, A A PR ¥ - | S | 210w $and 15 « | R19] 194 9:R A3|.p. 2448
.4 n 4. Nalmwm NA NA NALR. NA
i .S » 3 Nalw Na, NA NALR. NA
i 4 R . Nalw NA. NA NALR. NA
L.2 R 1 NAlw NA. NA NALR. NA
¥ v ] NA Nal_ Nal  Nalwl Na
. © Emar o choass from at o wp ght "-—-vd-ulvq—mdbd-n-d— ** mrwmen vehim ¢ of v reqused 19 acknove raneheon
Y - L

@O Topmeco [CT]

Critical Volume Calculation... gﬁ?d Volume
redictions... :
QCRC(=0) % Removed Conamment O Enter Distnibution
Prctured at the nght src the rauls of [ 1 100 Sanply coer e EmpennE & ® Componuon O “Fresh® Gasoline
sample model predictons, fors | | w & Gasot (choos onc) @ "Waathered” Gasoline
~ Ta20°C +80 M View Dusmbunons
. 10% mowture conxnt 1f you are unure about thus, dick
The veracal mus repreacos ather Ct=0) = 22 mpA on the “About Compomtion..®
normalired concrntrancas, or 60 ©] ((=> Set Defauit BP Raoges <~ )
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*Compound List Update® Stack Cards
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Reprinted from the Spring 1990 Issue of

Ground Water Monitoring Review

A Practical Approach to the Design,
Operation, and Monitoring of In Situ
Soil-Venting Systems

by P.C. Johnson, C.C. Stanley, M.W. Kemblowski, D.L. Byers, and J.D. Colthart

Abstract

When operated properly, in situ soil venting or vapor extraction can be one of the most cost-effective remediation
processes for soils contaminated with gasoline, solvents, or other relatively,volatile compounds. The components of
soil-venting systems are typically off-the-shelf items, and the installation of wells and trenches can be done by
reputable environmental firms. However, the design, operation, and monitoring of soil-venting systems are not
trivial. In fact, choosing whether or not venting should be applied at a given site is a difficult decision in itself. If
one decides to utilize venting, design criteria involving the number of wells, well spacing, well location, well construc-
tion, and vapor treatment systems must be addressed. A series of questions must be addressed to decide if venting
is appropriate at a given site and to design cost-effective in situ soil-venting systems. This series of steps and questions
forms a “decision tree” process. The development of this approach is an attempt to identify the limitations of in
situ soil venting, and subjects or behavior that are currently difficult to quantify and for which future study is needed.

Introduction

. When operated properly, in situ soil venting or vapor
extraction can be a cost-effective remediation process
for soils contaminated with gasoline, solvents, or other
relatively volatile compounds. A “basic” system, such
as the one shown in Figure 1, couples vapor extraction
(recovery) wells with blowers or vacuum pumps to
remove vapors from the vadose zone and thereby reduce
residual levels of soil contaminants. More complex sys-
tems incorporate trenches, air injection wells, passive
wells, and surface seals. Above-ground treatment sys-
tems condense, adsorb, or incinerate vapors; in some
cases vapors are simply emitted to the atmosphere
through diffuser stacks. In situ soil venting is an espe-
cially attractive treatment option because the soil is
treated in place, sophisticated equipment is not
required, and the cost is typically lower than other
options.

The basic phenomena governing the performance of
soil-venting systems are easily understood. By applying
a vacuum and removing vapors from extraction wells,
vapor flow through the unsaturated soil zone is induced.
Contaminants volatilize from the soil matrix and are
swept by the carrier gas flow (primarily air) to the extrac-
tion wells or trenches. Many complex processes occur
on the microscale, however, the three main factors that
control the performance of a venting operation are the
chemical composition of the contaminant, vapor flow
rates through the unsaturated zone, and the flow path
of carrier vapors relative to the location of the contamin-
ants.

The components of soil-venting systems are typically

off-the-shelf items, and the installation of wells and
trenches can be done by reputable environmental firms.
However, the design, operation, and monitoring of soil-
venting systems is not trivial. In fact, choosing whether
or not venting should be applied at a given site is a
difficult question in itself. If one decides to utilize vent-
ing, design criteria involving the number of wells, well
spacing, well location, well construction, and vapor
treatment systems must be addressed. It is the current
state-of-the-art that such questions are answered more
by experience than by rigorous logic. This is evidenced
by published soil venting “success stories” (see Hutzler
et al. 1988 for a good review), which rarely include
insight into the design process.

In this paper, a series of questions are presgnted that
must be addressed to:

® Decide if venting is appropriate at a given site.

® Design cost-effective in situ soil-venting systems.
This series of steps and questions forms a “decision
tree™ process. The development of this approach is an
attempt to identify the limitations of in situ soil venting,
and subjects or behavior that are currently difficult to
quantify and for which future study is needed.

The “Practical Approach”

Figure 2 presents a flow chart of the process dis-
cussed in this paper. Each step of the flow chart will be
discussed in detail, and where appropriate, examples
are given.

The Site Characterization

Whenever a soil contamination problem is detected
or suspected, a site investigation is conducted to charac-



terize and delineate the zone of soil and ground water
contamination. In general, the site characterization is
conducted in two stages. The emergency response and
abatement phase assesses the immediate impact on
potential human and environmental receptors, and is
conducted in a relatively short period of time (days). A
detailed site characterization then follows. Its purpose,
like the emergency response and abatement phase, is
to determine potential migration pathways and assess
the environmental impact associated with present condi-
tions and future migration of the contaminants. Often
the sequence of steps following initial response and
abatement is as follows:
Background review: Involves assembling historical
records, plot plans, engineering drawings (showing
utility lines), and interviewing site personnel. This
information is used to help identify the contaminant,
probable source of release, zone of contamination,
and potentially impacted areas (neighbors, drinking
water supplies, etc.).
® Preliminary site screening: Preliminary screening
tools such as soil-gas surveys and cone penetrometers
are used to roughly define the zone of contamination
and the site geology. Knowledge of site geology is
essential to determine probable migration of conta-
minants through the unsaturated zone.
Detailed site characterization: Soil borings are drilled
and monitoring wells are installed. .
Contaminant characterization: Soil and ground water
samples are analyzed to determine contaminant con-
centrations and compositions.
Costs associated with site investigations can be rela-
tively high depending on the complexity of the site and
size of the spill or leak. For large spills and complex
site geological/hydrogeological conditions, site investi-
gation costs may begin to approach remediation costs.
In addition, the choice and design of a remediation
system is based on the data obtained during the site
investigation. For these reasons it is important to ensure
that specific information is collected, and to validate the
quality of the data.
If it is presumed that in situ soil venting will be a
candidate for treatment, then the following information
needs to be obtained during the preliminary site investi-
gation:
Subsurface characteristics — site geology: This
includes the determination of soil stratigraphy (va-
dose and saturated zone) and characteristics of dis-
tinctsoil layers (i.e., soil type, permeability estimates).
While they are not essential, the moisture content,
total organic carbon, and permeability of each distinct
soil layer also provides useful information that can
be used to choose and design a remediation system.
Subsurface characteristics — site hydrogeology:
Depth to ground water, and the ground water gradi-
ent must be known, as well as estimates of the aquifer
hydraulic conductivity.

® Contaminant delineation: The distribution of con-
taminants in the saturated and vadose zones needs
to be assessed. This includes the extent of the free-
phase hydrocarbon, residual hydrocarbon, and solu-
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Figure 1. “Basic” in situ soil-venting system.
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ble hydrocarbon. Soil samples should be analyzed to
determine which contaminants are present at what
levels (contaminant composition). Specific analytical
methods should be used to identify target compounds
(i.e.,benzene, toluene, or xylenes) and total hydrocar-
bons present. For soil analyses these methods are:

EPA 8240, 8020, 8010 - volatile organic chemicals
(VOCGs)

EPA 8270 - semivolatile organic chemicals

EPA 418.1 - total petroleum hydrocarbons (TPH).

The corresponding methods for water samples are:

EPA 8240, 8020, 8010 - volatile organic chemicals
(VOCGs)

EPA 8270 - semivolatile organic chemicals

EPA 418.1 - total petroleum hydrocarbons (TPH).

With the current high cost of chemical analyses it
is important to intelligently select which analyses
should be performed and which samples should be
sent to a certified laboratory. Local regulations usu-
ally require that a minimum number of soil borings
be performed, and target compounds must be ana-
lyzed based on the suspected composition of the con-
tamination. Costs can be minimized and more data
obtained by utilizing field screening tools, such as
hand-held vapor meters or portable field gas chroma-
tographs (GCs). These instruments can be used to
measure both residual soil contamination levels and
headspace vapors above contaminated soils. At a
minimum, soil samples corresponding to lithology
changes or obvious changes in residual levels (based
on visual observations or odor) should be analyzed.

For complex contamination mixtures, such as gas-
oline, diesel fuel, and solvent mixtures, it is not prac-
tical or necessary to identify and quantify each com-
pound present. In such cases it.is recommended that
a “boiling point” distribution be measured for a
representative sample of the residual contamination.
Boiling point distribution curves, such as shown in
Figure 3 for “fresh” and “weathered” gasoline samples,
can be constructed from GC analyses of the residual
soil contamination (or free product) and knowledge of
the GC elution behavior of a knqwn series of compounds
(such as straight-chain alkanes). Compounds generally
elute from a GC packed column in the order of increas-
ing boiling point, so a boiling point distribution curve
is constructed by grouping all unknowns that elute
between two known peaks (i.¢., between n-hexane and
n-heptane). Then they are assigned an average boiling
point, molecular weight, and vapor pressure. Use of
these data will be explained later.

The cone penetrometer, which is essentially an
instrumented steel rod that is driven into the soil, is
becoming a popular tool for preliminary site screening
investigations. By measuring the shear and normal
forces on the leading end of the rod, soil structure
can be defined and permeability or hydraulic conduc-
tivity can be estimated. Some cone penetrometers are
also constructed to allow the collection of vapor or
ground water samples. This tool has several advan-
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Figure 3. Boiling point distribution curves for samples of
“fresh” and “weathered” gasolines.

tages over conventional soil boring techniques (as a
preliminary site characterization tool): (1) the subsur-
face soil structure can be defined better; (2) no soil
cuttings are generated; and (3) more analyses can be
performed per day.

¢ Temperature (both above and below ground surface)
Contaminant vapor concentrations are dependent on
temperature, and therefore, removal rates are
strongly influenced by subsurface temperatures.
Above-ground temperatures will influence the selec-
tion of materials and construction of the above-
ground vapor treatment system.

Results from the preliminary site investigation
should be summarized in contour plots, fence diagrams,
and tables in preparation for deciding whether venting
is appropriate, and for the final design of the system.

Deciding if Venting Is Appropriate

As previously stated, the thrée main factors govern-
ing the behavior of any in situ soil-venting operation
are the vapor flow rate, contaminant vapor concentra-
tions, and the vapor flow path relative to the contamin-
ant location. In an article by Johnson et al. (1988), simple
mathematical equations were presented to help quantify
each of these factors, Following it is illustrated how to
use these “screening models’and the information col-
lected during the preliminary site investigation to help
determine if in situ soil venting is appropriate at a given
site. In making this decision the following questions will
be answered:

1. What contaminant vapor concentrations are likely
to be obtained? ' '

2. Under ideal vapor flow conditions (i.e., 100 - 1000
scfm vapor flow rates), is this concentration great
enough to yield acceptable removal rates?

3. What range of vapor flow rates can realistically
be achieved?

4. Will the contaminant concentrations and realistic
vapor flow rates produce acceptable removal rates?

5. What residual, if any, will be left in the soil? What



vapor composition and concentration changes will occur
with time? How do these values relate to the regulatory
requirements?

6. Are there likely to be any negative effects of soil
venting?

Negative answers to questions 2 or 4 will rule out
in situ soil venting as a practical treatment method.

What Contaminant Vapor Concentrations Are Likely
to Be Obtained?

Question 1 can be answered based on the results of
soil-vapor surveys, analyses of headspace vapors above
contaminated soil samples, or equilibrium vapor models
(Johnson et al. 1988). In some cases just knowing which
compounds are present is sufficient to estimate if venting
is feasible. In the absence of soil-vapor survey data,
contaminant vapor concentrations can be estimated.
The maximum vapor concentration of any compound
(mixture) in extracted vapors is its equilibrium or “satur-

ated” vapor concentration, which is easily calculated
from knowledge of the compound’s (mixture’s) molecu-
lar weight, vapor pressure at the soil temperature, resid-
ual soil contaminant composition, and the ideal gas law:

_ XiPi'M-,i
Ca=2 o Q)
where:

C.. = estimate of contaminant vapor concentration
[mg/L]

x; = mole fraction of component i in liquid-phase
residual (x; = 1 for single compound)

P;" = pure component vapor pressure at tempera-
ture T [atm]
M, = molecular weight of component i [mg/mole]
R = gas constant = 0.0821 l-atm/mole-°K
T = absolute temperature of residual [°K].
Table 1 presents data for some chemicals and mix-

TABLE 1
Selected Compounds and Their Chemical Properties (Johnson et al. 1988)

Compound ' M, T, (1 atm) P,,20C Cent

(g/mole) (© (atm) (mg/L)
n-pentane 722 36 0.57 1700
n-hexane 86.2 69 0.16 560
trichloroethane 1334 75 0.132 720
benzene 78.1 80 0.10 320
cyclohexane 842 81 0.10, 340
trichloroethylene 1315 87 0.026 140
n-heptane 100.2 98 . 0.046 190
toluene 92.1 111 0.029 ' 110
tetrachloroethylene 166 121 0.018 130
n-octane 114.2 126 " 0.014 65
chlorobenzene 113 132 0.012 55
p-xylene 106.2 138 0.0086 37
ethylbenzene 106.2 138 0.0092 40
m-xylene 106.2 139 0.0080 35
o-xylene 106.2 144 0.0066 29
styrene 104.1 145 0.0066 28
n-nonane 128.3 151 0.0042 220
n-propylbenzene 1202 159 0.0033 16
1,24 trimethylbenzene 120.2 169 0.0019 9.3
n-decane 1423 173 ) 0.0013 7.6
DBCP 263 196 0.0011 11
n-undecane 156.3 196 0.0006 38 .
n-dodecane 1703 ' 216 0.00015 1.1
napthalene 128.2 218 0.00014 0.73
tetraethyllead 323 dec.@200C 0.0002 26
gasoline' 95 - 0.34 1300
weathered gasoline? 111 - 0.049 220

'Corresponds to “fresh™ gasoline defined in Table 2 with boiling point distribution shown in Figure 3.
!Corresponds to “weathered™ gasoline defined in Table 2 with boiling point distribution shown in Figure 3.

Ty (1 atm) - compound boiling point at 1 atm absolute pressure.
M, - molecular weight.

Ceu - equilibrium vapor concentration (see Equation 1).

P,° (20 C), - vapor pressure measured at 20 C.




tures accidentally released to the environment. There
are more sophisticated equations for predicting vapor
concentrations in soil systems based on equilibrium par-
titioning arguments, but these require more detailed
information (organic carbon content, soil moisture) than
is normally available. If a site is chosen for remediation,
the residual total hydrocarbons in soil typically exceed
500 mg/kg. In this residual concentration range most of
the hydrocarbons will be present as a separate or “free”
phase, the contaminant vapor concentrations become
independent of residual concentration (but still depend
on composition), and Equation 1 is applicable (Johnson
et al. 1988). In any case, it should be noted that these
are estimates only for vapor concentrations at the start
of venting, which is when the removal rates are generally
greatest. Contaminant concentrations in the extracted
vapors will decline with time due to changes in composi-
tion, residual levels, or increased diffusional resistances.
These topics will be discussed in more detail.

Under Ideal Vapor Flow Conditions (i.e., 100 ~ 1000
scfm Vapor Flow Rates), Is This Concentration Great
Enough to Yield Acceptable Removal Rates?

Question 2 is answered by multiplying the concentra-
tion estimate C,,, by a range of reasonable flow rates,
Q:

Rey = Cesl Q (2)

Here R, denotes the estimated removal rate, and
C.« and Q must be expressed in consistent units. For
reference, documented venting operations at service sta-
tion sites typically report vapor flow rates in the 10 -
100 scfm range (Hutzler et al. 1988), although 100 -
1000 scfm flow rates are achievable for sandy soils or
large numbers of extraction wells. At this point in the
decision process what is still being neglected is that
vapor concentrations decrease during venting due to
compositional changes and mass transfer resistances.
Figure 4 presents calculated removal rates R, [kg/d]
for a range of C., and Q values. C, values are presented
in [mg/L] and [ppmcy4] units, where [ppmcy4) represents
methane-equivalent parts-per-million volume/volume
(ppm,) units. The [ppmcyq] units are used because field
analytical tools that report [ppm,] values are often cali-
brated with methane. The [mg/L) and {[ppmcy4] units are
related by: :

{[ppmcya) * 16000 mg-CHy/mole-CH, * 10¢
(0.0821 l-atm®K-mole) * (298 K)

For field instruments calibrated with other compounds
(i.e., butane, propane), [ppm,] values are converted to
[mg/L] by replacing the molecular weight of CH, in
Equation 3 by the molecular weight [mg/mole] of the
calibration compound.

Acceptable or desirable removal rates Rycceptable: €3N
be determined by dividing the estimated spill mass M,
by the maximum acceptable cleanup time T

Racceplable = Mspill/ T (4)

For example, if 1500kg (~ 500 gal) of gasoline had
been spilled at a service station and it was wished to

[mg/L] = )
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Figure 4. In situ soil-veating removal rate dependence on
vapor extraction rate and vapor concentration.

complete the cleanup within eight months, then R,cccpta.
vie = 6.3 kg/d. Based on Figure 4, therefore, C,,, would
have to average >1.5 mg/L (2400 ppmcys) for Q=2800
Vmin (100 cfm) if venting is to be an acceptable option.
Generally, removal rates <1 kg/d will be unacceptable
for most releases, so soils contaminated with compounds
(mixtures) having saturated vapor concentrations less
than 0.3 mg/L (450 ppmcps) will not be good candidates
for venting, unless vapor flow rates exceed 100 scfm.
Judging from the compounds listed in Table 1, this corre-
sponds to compounds with boiling points (T,)>150 C,
or pure component vapor pressures <0.0001 atm evalu-
ated at the subsurface temperature.

What Range of Vapor Flow Rates Can Realistically
Be Achieved? ‘

Question 3 requires that realistic vapor flow 'rates for
the site-specific conditions be estimated. Equation 5,
which predicts the flow rate per unit thickness of well
screen Q/H [cm? /s], can be used for this purpose:

Q k [ 1- (PAlm,P ')2] (5)
P Tin(RJRY)

w

k  =soil permeability to air flow [cm? ] or [darcy]
i = viscosity of air = 1.8 x 10* g/cm-s or 0.018 cp
P, = absolute pressure at extraction well [g/cm-s?]

or [atm]

Paim = absolute ambient pressure ~ 1.01 x 10° g/em-s*
or 1 atm

R, = radius of vapor extraction well [cm]

R; =radius of influence of vapor extraction well

[cm].



This equation is derived from the simplistic steady-
state radial flow solution for compressible flow (Johnson
ct al. 1988), but should provide reasonable estimates
for vapor flow rates. If k can be measured or estimated,
then the only unknown parameter is the empirical “ra-
dius of influence” R;. Values ranging from 9m (30 ft)
to 30m (100 ft) are reported in the literature (Hutzler
et al. 1988) for a variety of soil conditions, but fortun-
ately Equation 5 is not sensitive to large changes in R;.
For estimation purposes, therefore, a value of R;=12m
(40 ft) can be used without a significant loss of accuracy.
Typical vacuum well pressures range from 0.95 - 0.90
atm (20 - 40 in H,O vacuum). Figure 5 presents pre-
dicted flow rates per unit well screen thickness Q/H,
expressed in “standard™ volumetric units Q*/H (= Q/
H(PW/Pam) for a 5.1cm radius (4-in diameter) extrac-
tion well, and a wide range of soil permeabilities and
applied vacuums. Here H denotes the thickness of the
screened interval, which is often chosen to be equal to
the thickness of the zone of soil contamination (this
minimizes removing and treating any excess “clean”
air). For other conditions the Q*/H values in Figure S
can be multiplied by the following factors:

R, =5.1cm (2in) R;=7.6m (25 ft) - multiply Q*/H
by 1.09

Rw=51cm (2in) R;=23m (75 ft) - multiply Q*/H
by 0.90 .

Ry =7.6cm (3in) R; =12m (40 ft) - multiply Q*/H
by 1.08

R, =10cm (4 in) R;=12m (40 ft) - multiply Q*/H
by 1.15

R, =10cm (4 in) R;=7.6m (25 ft) - multiply Q*/H
by 1.27

As indicated by the preceding multipliers given,
changing the radius of influence from 12m (40 ft) to
23 m (75 ft) only decreases the predicted flow rate by
10 percent. The largest uncertainty in flow rate calcula-
tions will be due to the air permeability value k, which
can vary by one to three orders of magnitude across a
site and can realistically only be estimated from boring
log data within an order of magnitude. It is prudent,
therefore, to choose a range of k values during this
phase of the decision process. For example, if boring
logs indicate fine sandy soils are present, then flow rates
should be calculated for k values in the range of
0.1<k<1.0 darcy.

Will the Contaminant Concentrations and Realistic
Vapor Flow Rates Produce Acceptable Removal
Rates?

Again, estimated removal rates R.,, must be com-
pared with an acceptable rate R,cceptable, s determined
from Equation 4. Maximum removal rates are achieved
when the induced vapor flow travels only through the
zone of soil contamination and no mass-transfer limita-
tions are encountered. In other words, all vapor flows
through contaminated soils and becomes saturated with
contaminant vapors. For this “best” case the estimated
removal rate is given by Equation 2:

. R =Slem(X)
Ry=12m (40) )
lo} 2/ /L no
P =040stm =203 ft H,0.
v
1} P =080am=1360H0 |
3 Vapor
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1, - 1.1
5 P_=080sme63H,0
o P_=0%0eme348H0 | on
P.-0.95 ame 17t HzO
£001 ! - 0.011
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000} . 0.0011
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Figure S. Predicted steady-state flow rates (per unit well
screen thickness) for a range of soil permeabilities and applied
vacuums (P,).
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Figure 6. Scenarios for removal rate estimates.

Rest = Cent Q (2)

Changes in C.y, are still being neglected with time
due to composition changes. Other less optimal condi-
tions are often encountered in practice and it is useful
to be able to quantify how much lower the removal rate
will be from the value predicted by Equation 2. We will
consider the three cases illustrated in Figures 63, b, and c.



In Figure 6a a fraction ¢ of the vapor flows through
uncontaminated soil. The fraction can be roughly esti-
mated by assessing the location of the well relative to
the contaminant distribution. In Figure 6a for example,
it appears that roughly 25 percent of the vapor flows
through uncontaminated soil. The maximum removal
rate for this case is then: .

Rew = (1-4) Q Cent (6)

In Figure 6b, vapor flows parallel to, but not through,
the zone of contamination, and the significant mass
transfer resistance is vapor phase diffusion. This would
be the case for a layer of liquid hydrocarbon resting on
top of an impermeable strata or the water table. This
problem was studied by Johnson et al (1988) for the
case of a single component. The solution is:

Rest = “IQ CCS!
n= ﬁ (6DWK)!™® [In(RyR.)/ (Pawm = Pu)]Z Y RI- R} (7)

where:
= efficiency relative to maximum
removal rate
= effective soil-vapor diffusion coeffici-
ent [cm¥s)
= viscosity of air = 1.8 x 10* g/cm-s
= soil permeability to vapor flow [cm?]
= thickness of screened interval [cm]
= radius of influence of venting well
[cm]
= venting well radius [cm]
= absolute ambient pressure = 1.016 x
10° g/cm-s?
P, = absolute pressure at the venting well
[g/em-s’)
R; <r < R; =defines region in which contamina-
tion is present.

Note that the efficiency m is inversely proportional
to the screened interval thickness H because a larger
interval will, in this geometry, pull in unsaturated air
that has passed above the liquid-phase contamination.
D is calculated by the Millington-Quirk (Millington and
Quirk 1961) expression, which utilizes the molecular
diffusion coefficient in air D°, the vapor-filled soil poros-
ity €4, and the total soil porosity er:

g3
D=D°—=; (3
€T

where €, and e, are related by:

HI~F O 3

g
> &
3

EA=ET-PpOp (9)

Here pp and Oy are the soil bulk density [g/cm®] and
soil moisture content [g-H,0/g-soil].

As an example, consider removing a layer of contam-
ination bounded by sandy soil (k=1 darcy). A 5.1cm (4
in) radius vapor extraction well is being operated at
P,,=0.90 atm (0.91 x 10° g/cm-s?), and the contamination
extends from the region R; = R,, = 5.1cm to R, = 9m
(30 ft). The well is screened over a 3m (10 ft) interval.

Assuming that:

pp = 1.6 g/em’®
GM = 010

D° = 0.087 cm¥s
€T = 0.30

R =12m

then the venting efficiency relative to the maximum
removal rate (Equation 2), calculated from Equations 7
through 9 is:

n = 0.09=9%.

Figure 6¢ depicts the situation in which vapor flows
primarily past, rather than through the contaminated
soil zone, such as might be the case for a contaminated
clay lens surrounded by sandy soils. In this case vapor-
phase diffusion through the clay to the flowing vapor
limits the removal rate. The maximum removal rate in
this case occurs when the vapor flow is fast enough to
maintain a low vapor concentration at the permeable/
impermeable soil interface. At any time t a contaminant-
free or “dried out” zone of low permeability will exist
with a thickness 3. An estimate of the removal rate R,
from a contaminated zone extending from R, to R; is:

Rg=n (R;‘ Rf) Cest D/3(t) (10)

where D is the effective porous media vapor diffusion
coefficient (as calculated previously from Equations 8
and 9) and C,y, is the estimated equilibrium vapor con-
centration (Equation 1). With time 8(t) will grow larger.
In the case of a single component system the dry zone
thickness can be calculated from the mass balance:

po G 5. = Cuu DIB(D) a1

CaDGp
R = n(RE-RD) ==

where G is the residual level of contamination in the
low permeability zone [g-contamination/g-soil], and all
other variables have been defined. The solution to
Equations 10 and 11 yields the following equation that
predicts the change in removal rate with time:

‘2Cq Dt
()= N ————

() 5. C. (12)
As an example, consider the case where benzene (C, =
3.19 x 10~ g/cm® @20 C) is being removed from a zone
extending from R; = 5.1cm to R; = 9m. The initial
residual level is 10,000 ppm (0.01 g-benzene/g-soil), py,
= 1.6 g/em’, D° = 0.087 cm?/s, and et = €A = 0.30. Figure
7 presents the predicted removal rates and “dry” zone
thickness 8(t) as a function of time. Note that it would
take approximately one year to clean a layer 1.5m (S
ft) thick, for a compound as volatile as benzene. Equa-
tion 12 predicts high initial removal rates; in practice,
however, the removal rate will be limited initially by
the vapor-phase diffusion behavior described previously
for Figure 6b.

Mixture removal rates for the situations depicted in
Figures 6b and 6c are difficult to estimate because



changes in composition and liquid-phase diffusion affect
the behavior. Currently there are no simple analytical
solutions for these situations, but it can be postulated
that they should be less than the rates predicted previ-
ously for pure components.

The use of equilibrium-based models tb predict
required removal rates will be discussed under the next
question.

What Residual, If Any, Will Be Left in the Soil?
What Vapor Composition and Concentration

Changes Will Occur With Time? How Do These
Values Relate to the Regulatory Requirements?

As contaminants are removed during venting, the
residual soil contamination level decreases and mixture
compositions become richer in the less volatile com-
pounds. Both of these processes result in decreased
vapor concentrations, and hence, decreased removal
rates with time. At low residual soil contamination levels
(<500 ppm) Equation 1 becomes less valid as sorption
and dissolution phenomena begin to affect the soil resid-
ual - vapor equilibrium. In the limit of low residual
contamination levels, contaminant equilibrium vapor
concentrations are expected to become proportional to
the residual soil contaminant concentrations. As venting
continues and residual soil levels decrease, therefore, it
becomes more difficult to remove the residual contami-
nation. It is important to realize that, even with soil
venting, there are practical limitations on the final soil
contamination levels that can be achieved. Knowledge
of these limits is necessary to realistically set cleanup
criteria and design effective venting systems.

The maximum efficiency of a venting operation is
limited by the equilibrium partitioning of contaminants
between the soil matrix and vapor phases. The maxi-
mum removal rate is achieved when the vapor being
removed from an extraction well is in equilibrium with
the contaminated soil. Models for predicting this maxi-
mum removal rate have been presented by Marley and
Hoag (1984) and Johnson et al. (1988). The former con-
sidered only compositions in a residual free-phase, while
the latter also considered the effects of sorption and
dissolution processes. A complete discussion of the
development of these models is not appropriate here,
but we will discuss the use of the predictions.

The change in composition, vapor concentration,
removal rate, and residual soil contamination level with
time are functions of the initial residual composition,
vapor extraction well flow rate, and initial soil contami-
nation level. It is not necessary to generate predictions
for every combination of variables, however, because
with appropriate scaling all results will form a single
curve for a given initial mixture composition. Figure 8a
presents the results computed with the model presented
by Johnson et al. (1988) for the “weathered” gasoline
mixture whose composition is given by Table 2. The
important variable that determines residual soil levels,
vapor concentrations, and removal rates is the ratio Qt/
M(t=0), which represents the volume of air drawn
through the contaminated zone per unit mass of conta-
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Figure 7. Estimated maximum removal rates for a venting
operation limited by diffusion. ‘
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Figure 8. Maximum predicted removal rates for a weathered

gasoline: (a) full composition (b) approximate composition.

minant. In Figure 8, the scaled removal rate (or equiva-
lently the vapor concentration) decreases with time as
the mixture becomes richer in the less volatile com-
pounds.

While a detailed compositional analysis was availa-
ble for this gasoline sample, an approximate composi-
tion based on a boiling point distribution curve predicts
similar results. Figure 8b presents the results for the
approximate mixture composition also given in Table 2.

Model predictions, such as those shown in Figure 8
for the gasoling sample defined by Table 2, can be used
to estimate removal rates (if the vapor flow rate is speci-
fied), or alternatively the predictions can be used to
estimate vapor flow rate requirements (if the desired
removal rate is specified). For example, if we wanted
to reduce the initial contamination level by 90 percent.
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Composition (Mass Fractions) of Fresh and Weathered Gasolines

TABLE 2

Compound M., Fresh Weathered Approximate
Name ®) Gasoline “Gasoline Composition
propane 4.1 0.0001 0.0000 0
isobutane 58.1 0.0122 0.0000 0
n-butane s8.1 0.0629 0.0000 0
trans-2-butene 56.1 0.0007 0.0000 0
cis-2-butene 56.1 0.0000 0.0000 0
3-methyl-l-butene 70.1 0.0006 0.0000 0
isopentane 72.2 0.1049 0.0069 0.0177
1-pentene 70.1 0.0000 0.0005 0
2-methyl-l-butene 70.1 0.0000 0.0008 0
2-methyl-1 3-butadiene 68.1 0.0000 0.0000 0
n-pentane 72.2 0.0586 0.0095 0
trans-2-pentene 70.1 0.0000 0.0017 0
2-methyl-2-butene 70.1 0.0044 0.0021 0
2-methyl-1,2-butadiene 68.1 0.0000 0.0010 0
3.3-dimethyl-1-butene 84.2 0.0049 0.0000 0
cyclopentane 70.1 0.0000 0.0046 0.0738
3-methyl-1-pentene 84.2 0.0000 0.0000 0
2,3-dimethylbutane 86.2 0.0730 0.0044 0
2-methylpentane 86.2 0.0273 0.0207 0
3-methylpentane 86.2 0.0000 0.0186 0
n-hexane 86.2 0.0283 0.0207 0
methylcyclopentane 84.2 0.0083 0.0234 0
2.2-dimethylpentane 100.2 0.0076 0.0064 0
benzene 78.1 0.0076 0.0021 0
cyclohexane 84.2 0.0000 0.0137 0.1761
2,3-dimethylpentane 100.2 0.0390 0.0000 0
3-methylhexane 100.2 0.0000 0.0355 0
3-ethylpentane 100.2 0.0000 0.0000 0
n-heptane 100.2 0.0063 0.0447 0
2,2,4-trimethylpentane 114.2 0.0121 0.0503 0
methylcyclohexane 98.2 0.0000 0.0393 0
2,2-dimethylhexane 114.2 0.0055 0.0207 0
toluene 92.1 0.0550 0.0359 0.1926
2,3 4-trimethylpentane 114.2 0.0121 0.0000 0
3-methylheptane 1142 0.0000 0.0343 0
2-methylheptane 1142 0.0155 0.0324 0
n-octane 1142 0.0013 0.3000 0

2.4, 4-trimethylhexane 128.3 0.0087 "0.0034 0
2,2-dimethylheptane 1283 0.0000 0.0226 0
ethylbenzene 106.2 0.0000 0.0130 0
p-xylene 106.2 0.0957 0.0151 0
m-xylene 106.2 0.0000 0.0376 0.1641
3,3,4-trimethylhexane 1283 0.0281 0.0056 0
o-xylene 106.2 0.0000 0.0274 0
2,24-trimethylheptane 142.3 0.0105 0.0012 0
n-noname 1283 0.0000 0.0382 0
3,3.5-trimethylheptane 142.3 0.0000 0.0000 0
n-propylbenzene 120.2 0.0841 0.0117 0.1455
2,34-trimethylheptane 1423 0.0000 0.0000 0
1,3,5-trimethylbenzene 1202 0.0411 0.0493 0
1,2-4-trimethylbenzene 120.2 0.0213 0.0707 0
n-decane 1423 0.0000 0.0140 0
methylpropylbenzene 134.2 0.0351 0.0170 0
dimethylethylbenzene 1342 0.0307 0.0289 0.0534
n-undecane 156.3 0.0000 0.0075 0
1,2,4,5-tetramethylbenzene 1342 0.0133 0.0056 0
1.2,3,4-tetramethylbenzene 1342 0.0129 0.0704 0.1411
1,24-trimethyl-5-ethylbenzene 148.2 0.0405 0.0651 0
n-dodecane 170.3 0.0230 0.0000 0
napthalene 1282 0.0045 0.0076 0
n-hexylbenzene 162.3 0.0000 0.0147 0.0357
methylnapthalene 142.2 0.0023 . 0.0134 0
Total 1.0000 1.0000 1.00000




then Figure 8 predicts that ~ 100 l-air/g-gasoline will-

be required. This is the minimum amount of vapor
required, because it is-based on an equilibrium-based
model. The necessary minimum average vapor flow rate
is then equal to the spill mass times the minimum
required vapor flow/mass gasoline divided by the
desired duration of venting. Use of this approach is
illustrated in the service station site example provided
at the end of this paper.

Figure 8 also illustrates that there is a practical limit
to the amount of residual contaminant that can be
removed by venting alone. For example, it will take a
minimum of 100 I-vapor/g-gasoline to remove 90 percent
of the weathered gasoline defined in Table 2, while it
will take about 200 l-air/g-gasoline to remove the
remaining 10 percent. In the case of gasoline, by the
time 90 percent of the initial residual has been removed,
the residual consists of relatively insoluble and non-
volatile compounds. It is important to recognize this
limitation of venting, and when setting realistic cleanup
target levels, they should be based on the potential envi-
ronmental impact of the residual rather than any specific
total residual hydrocarbon levels. Because mandated
cleanup levels are generally independent of the remedia-
tion method, this also indicates that soil venting will
often be one of many processes used during a given site
remediation. It is not difficult to envision that in the
future soil venting may be followed or coupled with
enhanced biodegradation to achieve lower cleanup
levels.

It is appropriate to mention at this point that the
mathematical models presented in this paper are being
used as “tools” to help plan and design venting system.
As with any models, they are mathematical descriptions
of processes that at best approximate real phenomena,
and care should be taken not to misapply or misinterpret
the results.

Are There Likely to Be Any Negative Effects of Soil
Venting?

It is possible that venting will induce the migration
of off-site contaminant vapors toward the extraction
wells. This may occur at a service station, which is often
in close proximity to other service stations. If this occurs,
one could spend a lot of time and money to unknowingly
clean up someone else’s problem. The solution is to
establish a “vapor barrier” at the perimeter of the con-
taminated zone. This can be accomplished by allowing
vapor flow into'any perimeter ground water monitoring
wells (which often have screened intervals extending
above the saturated zone), which then act as passive air
supply wells. In other cases it may be necessary to install
passive air injection wells, or trenches, as illustrated in
Figure 9a.”

As pointed out by Johnson et al. (1988), the applica-
tion of a vacuum to extraction wells can also cause a
water table rise. In many cases contaminated soils lie
just above the water table and they become water satur-
ated, as illustrated in Figure 9b. The maximum rise
occurs at, or below the vapor extraction well, where the
water table rise will be equal to the vacuum at that point
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well
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Figure 9. (a) Use of passive vapor wells to prevent migration
of off-site contaminant vapors. (b) Water table rise caused by

the applied vacuum.

expressed as an equivalent water c;olumn h.eight (i.e., ip
ft H,0). The recommended solution to this problem is
to install a dewatering system, with ground water pump-
ing wells located as close to vapor extraction .wells as
possible. The dewatering system must be designed to
ensure that contaminated soils remain exposed to vapor
flow. Other considerations not directly relgted to vent-
ing system design, such as soluble pl}lme migration con-
trol and free-liquid product yield, will also be factors in
the design of the ground water pumping system.

Design Information ‘

If venting is still a remediation option after answer-
ing the questions above, then more accurate information
must be collected. Specifically, the soil permeability to
vapor flow, vapor concentrations, and aquifer charac-
teristics need to be determined. These are obtained by
two field experiments: air permeability and ground
water pumping tests, described briefly next.

Air Permeability Tests

Figure 10 depicts the setup of an air permeability
test. The object of this experiment is to remove vapors
at a constant rzt from an extraction well, while monitor-
ing with time the transient subsurface pressure c'listribu-
tion at fixed pennts. Effluent vapor concentrations are
also monitorec. It isimportant thaf the test be cgnducted
properly to nF-zin accurate design mformauoq. The
extraction we!. 1~ould be screened through the soil zone
that will be vez-ed during the actual operation. In many
cases existing g=~»4nd water monitoring wells are suffici-
ent, if their scrzened sections extend above the water

table. Subsurizcxe pressure monitoring probes can be
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Figure 10. Air-permeability test system.

driven soil-vapor sampling probes (for <20 ft deep con-
tamination problems) or more permanent installations.
Flow rate and transient pressure distribution data
are used to estimate the soil permeability to vapor flow.
The expected change in the subsurface pressure distribu-
tion with time P'(r,t) is predicted (Johnson et al.) by:

.Q_ fe
P —41tm(k/p.) f X dx

fep
4kPy g t

(13)

For (r* ¢p/d4kPa,mt)<0.1 Equation 13 can be approxi-
mated by:

P = -———[-05772 1n(rz )+1 (t)] (14)

4nm(k/p) kPatm
Here:

P’ = “gauge” pressure measured at distance r
and time t

m = stratum thickness

r = radial distance from vapor extraction well

k = soil permeability to air flow

i = viscosity of air = 1.8 x 10* g/cm-s

€ = air-filled soil void fraction

t = time

Q = volumetric vapor flow rate from extraction
well

Pam = ambient atmospheric pressure = 1.0 atm =

1.013 x 10° g/cm-s2.

Equation 14 predicts a plot of p'-vs- In(t) should be a
straight line with slope A and y-intercept B equal to:

__9
- 4nm(k/u)
-L—[-osm 1('2Eu 15
Tamm(p) [T \kPag )] (13)

The permeability to vapor flow can then be calculated
from the data by one of two methods. The first is applica-
ble when Q and m are known. The calculated slope A

is used:

Qu
4Amm (16)

The second approach must be used whenever Q or m
is not known. In this case the values A and B are both
used:

P ep
4PAtm

Equation 13 can also be used to choose the locations
of subsurface pressure monitoring points before con-
ducting the air permeability test, given an estimation of
k and the flow rate to be used.

Vapor samples should be taken at the beginning and
end of the air permeability test, which should be con-
ducted for a long enough time to extract at least one
“pore volume” Vp of vapor from the contaminated soil
zone. This ensures that all vapors existing in the forma-
tion prior to venting are removed. The vapor concentra-
tion at the start of the test is representative of the equi-
librium vapor concentration, while the concentration
measured after one pore volume has been extracted
gives an indication of realistic removal rates and the
mixing or diffusional limitations discussed in association
with Figure 6. The time 7p for one pore volume to be
removed is:

B )
k= exp(- + 05772) (17)

7, = Vp/Q = €4 "R* H/Q (18)

where R, H, €4, and Q are the radius of the zone of
contamination, vertical thickness of the zone of contami-
nation, air-filled void fraction, and volumetric vapor
flow rate from the extraction well. For example, consider
the case where R=12 m, H=3 m, €,=0.35, and Q=0.57
m?® /min (20 ft* /min). Then 1p=475 m %0.57 m* /min=833
min=14 h.

Ground Water Pumping Tests

To achieve efficient venting, the hydrocarbon-con-
taminated soil has to be exposed to air flow, which in
turn requires that the water table be lowered to counter-
act the water upwelling effect caused by the decreased
vapor pressure in the vicinity of a venting well (Johnson
et al. 1988) and to possibly expose contaminated soil
below the water table. Thus the ground water pumping
system has to have a sufficient pumping rate and be
operated for a long enough time period to obtain the
required drawdowns. Because most venting systems are
installed above phreatic aquifers, two aquifer parame-
ters are needed for the design: average transmissivity T
and storage coefficient S. These parameters can be esti-
mated using the results of the standard transient ground
water pumping test with a constant pumping rate (Bear
1979). Using the estimated values, the required pumping
rate may be calculated as follows:

Q = 4aT S(r,t)/W(u) (19)

where: W(u) is the well function (Bear 1979) of u = Sr?/



4Tt, and s(r.t) is the required drawdown at distance r
and pumping time equal to t.

System Design

In this section the questions that must be answered
in order to design an in situ soil-venting system will be
discussed. It is not the authors’ intention to provide a
generic “recipe” for soil-venting system design; instead,
a structured thought process to guide in choosing the
number of extraction wells, well spacing, well construc-
tion, etc. is suggested. Even in a structured thought
process, intuition, and experience play important roles.
There is no substitute for a good fundamental under-
standing of vapor flow processes, transport phenomena,
and ground water flow.

Choosing the Number of Vapor Extraction Wells

Three methods for choosing the number of vapor
extraction wells are outlined in the following text. The
greatest number of wells from these three methods is
then the value that should be used. The objective is to
satisfy removal rate requirements and achieve vapor
removal from the entire zone of contamination.

For the first estimate residual contaminant composi-
tion and vapor concentration changes with time are neg-
lected. The acceptable removal rate R,cceptabic is calcu-
lated from Equation 4, while the estimated removal rate
from a single well R, is estimated from a choice of
Equations 2, 6, 7, or 12 depending on whether the speci-
fic site conditions are most like Figure 6a, 6b, or 6c.
The number of wells N, .us required to achieve the
acceptable removal rate is:

Nuens = Raceeplable,Resl (20)

Equations 2,6, and 7 require vapor flow estimates, which
can be calculated from Equation 5 using the measured
soil permeability and chosen extraction well vacuum P,,.
At this point one must determine what blowers and
vacuum pumps are available because the characteristics
of these units will limit the range of feasible (P.,Q)
values. For example, a blower that can pump 100 scfm
at 2 in. H,O vacuum may only be able to pump 10 scfm
at 100 in. H,O vacuum. .

The second method, which accounts for composition
changes with time, utilizes model predictions, such as
those illustrated in Figure 8. Recall that equilibrium-
based models are used to calculate the minimum vapor
flow to achieve a given degree of remediation. For exam-
ple, if we wish to obtain a 90 percent reduction in resid-
ual gasoline levels, Figure 8 indicates that =~ 100 l-vapor/
g-gasoline must pass through the contaminated soil
zone. If our spill mass is 1500kg (=500 gal), then a mini-
mum of 1.5 x 10* I-vapor must pass through the conta-
minated soil zone. If the target cleanup period is six
months, this corresponds to a minimum average vapor
flow rate of 0.57 m* /min (=20 ¢fm). The minimum num-
ber of extraction wells is then equal to the required
minimum average flow rate/flow rate-per-well.

The third method for determining the number of

wells ensures that vapors and residual soil contamina-
tion are removed from the entire zone of contamination
Nmin- This is simply equal to the ratio of the area of
contamination Agontaminations t0 the area of influence of
a single venting well 7R/

Aoomamination
Nmin = T (21)
This requires an estimate of R;, which defines the zone
in which vapor flow is induced. In general, R; depends
on soil properties of the vented zone, properties of sur-
rounding soil layers, the depth at which the well is
screened, and the presence of any impermeable bound-
aries (water table, clay layers, surface seal, building
basement, etc.). At this point it is useful to have some
understanding of vapor flow patterns because, except
for certain ideal cases (Wilson et al. 1988), one cannot
accurately predict vapor flow paths without numerically
solving vapor-flow equations. An estimate for R; can
be obtained by fitting radial pressure distribution data
from the air permeability test to the steady-state radial
pressure distribution equation (Johnson et al. 1988):

2

P(r) =Py [1 + (1 - ( P;m ) 1:1?(52/5;3)

]2 (22)

where P(r), Patm, Pw, and R,, are the absolute pressure
measured at a distance r from the venting well, absolute
ambient pressure, absolute pressure applied at the vapor
extraction well, and extraction well radius, respectively.
Given that these tests are usually conducted for less
than a day, the results will generally underestimate R;.
If no site-specific data are available, one can conserva-
tively estimate R; based on the published reports from
in situ soil-venting operations. Reported R, values for
permeable soils (sandy soils) at depths greater than
20 feet below ground surface, or shallower soils beneath
good surface seals, are usually 10m — 40m (Hutzler et
al. 1988). For less permeable soils (silts, clays), or more
shallow zones R; is usually less.

Choosing Well Location, Spacing, Passive Wells, and
Surface Seals '

To be able to successfully locate extraction wells,
passive wells, and surface seals one must have a good
understanding of vapor flow behavior. Well locations
should be chosen to ensure adequate vapor flow thrqugh
the contaminated zone, while minimizing vapor flow
through other zones.

If one well is sufficient, it should almost always be
placed in the geometric center of the contaminated soil
zone, unless it is expected that vapor flow channeling
along a preferred direction will occur. In that case the
well should be placed so as to maximize air flow through
the contaminated zone.

When multiple wells are used it is important to con-
sider the effect that each well has on the vapor flow to
all other wells. For example, if three extraction wells
are required at a given site, and they are installed in
the triplate design shown in Figure 11a, this would result



a) /“::l‘im
/ /
® @
stagnant
air flow
region
@
b) p e
o8}
Ny
vador flow ,/ . @ P
lines "," * >'o’
injection =* | ®

——

c) ‘ J

extraction
. wells

:
}—

g_l:::

Figure 11. Venting well configurations.

in a “stagnant” region in the middle of the wells where
air flow would be small in comparison to the flow
induced outside the triplate pattern boundaries. This
problem can be alleviated by the use of “passive wells”
or “forced injection” wells as illustrated in Figure 11b
(it can also be minimized by changing the vapor flow
rates from each well with time). A passive well is simply
a well that is open to the atmosphere; in many cases
ground water monitoring wells are suitable. If a passive
or forced injection well is to have any positive effect, it
must be located within the extraction well’s zone of
influence. Forced injection wells are simply vapor wells
into which air is pumped rather than removed. One
must be careful in choosing the locations of forced injec-
tion wells so that contaminant vapors are captured by
the extraction wells, rather than forced off-site. To date
there have not been any detailed reports of venting
operations designed to study the advantages/disadvan-
tages of using forced injection wells. Figure 11c presents
another possible extraction/injection well combination.
As illustrated in Figure 9, passive wells can also be used
as vapor barriers to prevent on-site migration of off-
site contamination problems.

For shallow contamination problems (<4m below
ground surface) vapor extraction trenches combined
with surface seals may be more effective than vertical
wells. Trenches are usually limited to shallow soil zones
because the difficulty of installation increases with
depth.

Surface seals, such as polymer-based liners and
asphalt, concrete, or clay caps, are sometimes used to
control the vapor-flow paths. Figure 12 illustrates the
effect that a surface seal will have on vapor-flow pat-
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Figure 12. Effect of surface seal on vapor flow path.
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Figure 13. (a) Extraction well construction, and (b) dir-tight
ground water level measuring system.

terns. For shallow treatment zones (<Sm) the surface
seal will have a significant effect on the vapor flow paths,
and seals can be added or removed to achieve the
desired vapor flow path. For wells screened below 8m
the influence of surface seals becomes less significant.

Well Screening and Construction

Wells should be screened only through the zone of
contamination, unless the permeability to vapor flow is
so low that removal rates would be greater if flow were
induced in an adjacent soil layer (see Figure 6). Removal
rate estimates for various mass-transfer limited sce-
narios can be calculated from Equations 7 and 12.

Based on Equation 5, the flow rate is expected to



increase by 15 percent when the extraction well diameter
is increased from 10cm (4 in) to 20cm (8 in). This implies
that well diameters should be as large as is practically
possible.

A typical well as shown in Figure 13a is constructed
from slotted pipe (usually PVC). The slot size and num-
ber of slots per inch should be chosen to maximize the
open area of the pipe. A filter packing, such as sand or
gravel, is placed in the annulus between the borehole
and pipe. Vapor extraction wells are similar to ground
water monitoring wells in construction but there is no
need to filter vapors before they enter the well. The
filter packing, therefore, should be as coarse as possible.
Any dust carried by the vapor flow can be removed by
an above-ground filter. Bentonite pellets and a cement
grout are placed above the filter packing. It is important
that these be properly installed to prevent a vapor flow
“short-circuiting.” Any ground water monitoring wells
installed near the extraction wells must also be installed
with good seals.

Vapor Treatment
Currently, there a-four main treatment processes
available:

Vapor combustion units: Vapors are incinerated and
destruction efficiencies are typically >95 percent. A
supplemental fuel, such as propane, is added before
combustion unless extraction well vapor concentra-
tions are on the order of a few percent by volume.
This process becomes less economical as vapor con-
centrations decrease below =~ 10,000 ppm,.
Catalytic oxidation units: Vapor streams are heated
and then passed over a catalyst bed. Destruction effi-
ciencies are typically >95 percent. These units are
used for vapor concentrations <8000 ppm,. More con-
centrated vapors can cause catalyst bed temperature
excursions and meltdown.
Carbon beds: Carbon can be used to treat almost any
vapor streams, but is only economical for very low
emission rates (<100 g/d)

Diffuser stacks: These do not treat vapors, but are
the most economical solution for areas in which they
are permitted. They must be carefully designed to
minimize health risks and maximize safety.

Ground Water Pumping System

In cases where contaminated soils lie just above or
below the water table, ground water pumping systems
will be required to ensure that contaminated soils
remain exposed. In designing a ground water pumping
system it is important to be aware that upwelling (draw-
up) of the ground water table will occur when a vacuum
is applied at the extraction well (see Figure 9b). Because
the upwelling will be greatest at the extraction wells,
ground water pumping wells should be located within
or as close to the extraction wells as possible. Their
surface seals must be airtight to prevent unwanted short-
circuiting of airflow down the ground water wells.

System Integration
System components (pumps, wells, vapor treating

units, etc.) should be combined to allow maximum flexi-
bility of operation. The review by Hutzler et al. (1988)
provides descriptions of many reported systems. Specific
requirements are: _
Separate valves, flow meters, and pressure gauges for
each extraction and injection well.
® Air filter to remove particulates from vapors
upstream of the pump and flow meter.
® Knock-out pot to remove any liquid from vapor
stream upstream of the pump and flow meter.

Monitoring

The performance of a soil-venting system must be
monitored in order to ensure efficient operation, and
to help determine when to shut off the system. At a
minimum the following should be measured:
¢ Date and time of measurement.
® Vapor flow rates from extraction wells and into injec-

tion wells: These can be measured by a variety of
flow meters including pitot tubes, orifice plates and
rotameters. It is important to have calibrated these
devices at the field operating pressures and tempera-
tures. )

® Pressure readings at each extraction and injection
well can be measured with manometers or magnahelic
gauges.

® Vapor concentrations and compositions from extrac-
tion wells: total hydrocarbon concentration can be
measured by an on-line total hydrocarbon analyzer
calibrated to a specific hydrocarbon. This information
is combined with vapor flow rate data to calculate
removal rates and the cumulative amount of contam-
inant removed. In addition, for mixtures the vapor
composition should be periodically checked. It is
impossible to assess if vapor concentration decreases
with time are due to compositional changes or some
other phenomena (mass transfer resistance, water
table upwelling, pore blockage, etc.) without this
information. Vapor samples can be collected in evacu-
ated gas sampling cylinders, stored, and later ana-
lyzed.

¢ Temperature: ambient and soil.

® Water table level (for contaminated soils located near
the water table): It is important to monitor the water
table level to ensure that contaminated soils remain
exposed to vapor flow. Measuring the water table
level during venting is not a trivial task because the
monitoring well must remain sealed. Uncapping the
well releases the vacuum and any effect that it has
on the water table level. Figure 13b illustrates a moni-
toring well cap (constructed by Applied Geosciences
Inc., Tustin, California) that allows one to simulta-
neously measure the water table level and vacuum in
a monitoring well. It is constructed from a commer-
cially available monitoring well cap and utilizes an
electronic water level sensor.

Other valuable, but optional measurements are:
Soil-gas vapor concentrations and compositions:
These should be measured periodically at different
radial distances from the extraction well. Figure 14
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Figure 14. Vadose zone monitoring well installation.

shows the construction of a permanent monitoring
installation that can be used for vapor sampling and
subsurface temperature measurements. Another
alternative for shallow contamination zones is the use
of soil-gas survey probes. Data from soil-gas probes
are valuable for two reasons: (1) by comparing extrac-
tion well concentrations with soil-gas concentrations
- it is possible to estimate the fraction of vapor that is
flowing through the contaminated zone ¢=C,xaction
weit/Csoit gas» and (2) it is possible to determine if the
zone of contamination is shrinking toward the extrac-
tion well, as it should with time. Three measuring
points are probably sufficient if one is located near
the extraction well, one is placed near the original
edge of the zone of contamination, and the third is
placed somewhere in between.
These monitoring installations can also be useful for
monitoring subsurface vapors after venting has ceased.

Determining When to Turn Off the System

Target soil cleanup levels are often set on a site-by-
site basis, and are based on the estimated potential
impact that any residual may have on air quality, ground
water quality, or other health standards. They may also
be related to safety considerations (explosive limits).
Generally, confirmation soil borings, and sometimes
soil-vapor surveys are required before closure is
granted. Because these analyses can be expensive and
often disrupt the normal business of a site, it would be
valuable to be able to determine when confirmation
borings should be taken. If the monitoring is done as
suggested previously, then the following criteria can be
used:

Cumulative amount removed: Determined by inte-

grating the measured removal rates (flow rate x con-

centration) with time. While this value indicates how
much contaminant has been removed, it is usually
not very useful for determining when to take confir-
mation borings unless the original spill mass is known
accurately. In most cases that information is not avail-
able and cannot be calculated accurately from soil-
boring data.

® Extraction well vapor ¢ ncentrations: The vapor con-

centrations are good indications of how effectively
the venting system is working, but decreases in vapor
extraction well concentrations are not strong evidence
that soil concentrations have decreased. Decreases
may also be due to other phenomena such as water
table level increases, increased mass transfer resist-
ance due to drying, or leaks in the extraction system.
o Extraction well vapor composition: When combined
with vapor concentrations these data offer more
insight into the effectiveness of the system. If the total
vapor concentration decreases without a change in
composition, it is probably due to one of the phe-
nomena mentioned previously, and is not an indica-
tion that the residual contamination has been signific-
antly reduced. If a decrease in vapor concentration
is accompanied by a shift in composition toward less
volatile compounds, on the other hand, it is most
likely due to a change in the residual contaminant
concentration. For residual gasoline cleanup, for
example, one might operate a venting system until

benzene, toluene, and xylenes were not detected in
- the vapors. The remaining residual would then be

composed of larger molecules, and it can be argued
that these do not pose a health threat through volatili-
zation or leaching pathways.
® Soil-gas contaminant concentration and composition:
These data are the most useful because it yields infor-
mation about the residual composition and extent of
contamination. Vapor concentrations cannot, in gen-
- eral, be used to determine the residual level, except
in the limit of low residual levels (note that Equation 1
is independent of residual concentration). It is important
to consider the effect of continued soil-venting system
operation on soil-gas sampling results. Results taken
during operation, or immediately after shutdown, can
be used to assess the spatial extent of contamination
and composition of the vapors. After the system is
shut down, vapors will begin to migrate away from
the source and equilibrate on a larger scale. True soil-
vapor concentrations can be measured once equilib-
rium concentrations are attained in the sampling
zone; at least two sampling times will be required to
determine that equilibration has occurred. Due to the
diffusion of vapors, samples taken after shutdown are
not good indicators of the spatial extent of the conta-
minated zone.

Other Factors
Increased Biodegradation

It is often postulated that because the air supply to
the vadose zone is increased, the natural aerobic micro-
biological activity is increased during venting. While the
argument is plausible and some laboratory data are
available (Salanitro et al. 1989), conclusive- evidence
supporting this theory has yet to be presented. This is
due in part to the difficulty in making such a mea-
surement. A mass balance approach is not likely to be
useful because the initial spill mass is generally not
known with sufficient accuracy. An indirect method
would be to measure CO, levels in the extraction well



vapors, but this in itself does not rule out the possibility
that O, is converted to CO, before the vapors pass
through the contaminated soil zone. The best approach
is to measure the O,/CO, concentrations in the vapors
at the edge of the contaminated zone, and in the vapor
extraction wells. If the COs/O, concentration ratio
increases as the vapors pass through the contaminated
soil, bne can surmise that a transformation is occurring,
although other possible mechanisms (inorganic reac-
tions) must be considered. An increase in aerobic mic-
robial populations would be additional supporting evid-
ence.

In Situ Heating/Venting
The main property of a compound that determines
whether or not it can be removed by venting is its vapor
_pressure, which increases with increasing temperature.
Compounds that are considered non-volatile, therefore,
can be removed by venting if the contaminated soil is
heated to the proper temperature. In situ heating/vent-
ing systems utilizing radio-frequency heating and con-
duction heating are currently under study (Dev et al.
1988). An alternative is to reinject heated vapors from
catalytic oxidation or combustion units into the con-
taminated soil zone..

Air Sparging

Due toseasonal ground water level fluctuations, con-
taminants sometimes become trapped below the water
table. In some cases ground water pumping can lower
the water table enough to expose this zone, but in other
cases this is not practical. One possible solution is to
install air sparging wells and then inject air below the
water table. Vapor extraction wells would then capture
the vapors that bubbled up through the ground water.
To date, success of this approach has yet to be demon-
strated. This could have a negative effect if foaming,
formation plugging, or downward migration of the resid-
ual occurred. .

Application of the Design Approach
to a Service Station Remediation
In the following, the use of the approach discussed

previously and outlined in Figure 2, is demonstrated for
a service station remediation.

Preliminary Site Investigation
Prior to sampling it was estimated that 2000 gallons
of gasoline had leaked from a product line at this operat-
ing service station site. Several soil borings were drilled
and the soil samples were analyzed for total petroleum
hydrocarbons (TPH) and other specific compounds
(benzene, toluene, xylenes) by a heated-headspace
method utilizing a field GC-FID. Figure 15 summarizes
some of the results for one transect at this site. The
following relevant information was collected:
® Based on boring logs there are four distinct soil layers
between 0 - 18m (0 - 60 ft) below ground surface
(BGS). Figure 15 indicates the soil type and location
of each of these layers.
Depth to ground water was 15m, with fine to medium
sand soils.
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Figure 15. Initial total hydrocarbon distribution [mg/kg-soil}
and location of lower zone vent well.

® The largest concentrations of hydrocarbons were
detected in the sandy and silty clay layers adjacent
to the water table. Some residual was detected below
the water table. Based on the data presented in Figure
15 it is estimated that ~ 4000kg of hydrocarbons are
present in the lower two soil zones.

o Initiallythere was some free-liquid gasoline floating
on the water table: this was subsequently removed
by pumping. A sample of this product was analyzed
and its approximate composition (=20 percent of the -
compounds could not be identified) is listed in
Table 2 as the “weathered gasoline.” The corre-

sponding boiling point distribution curve for this mix-
ture has been presented in Figure 3.

® Vadose zone monitoring installations similar to the
one pictured in Figure 14 were installed during the
preliminary site investigation.

Deciding if Venting Is Appropriate

For the remainder of the analysis the contaminated
soils located just above the water table will be the focus.
e What contaminant vapor concentrations are likely to
. be obtained? )

Based on the composition given in Table 2, and using
Equation 1, the predicted saturated TPH vapor concen-
tration for this gasoline is:

Cest =220 mg/L

Using the “approximate™ composition listed in Table
2 yields a value of 270 mg/L. The measured soil-vapor
concentration obtained from the vadose zone monitoring
well was 240 mg/L. Due to composition changes with time,
this will be the maximum concentration obtained during
venting.
® Underideal flow conditions s this concentration gréat

enough to yield acceptable removal rates?



Equation 4 was used to calculate Racceptable: Assum-
ing Mo = 4000kg and + = 180 d, then:

Racccp(able =22 kg/d

Using Equation 2, C,,, = 240 mg/L, and Q = 2800 V/
min (100 cfm):

Req = 970 kg/d
which is greater than Rcceprabte-

What range of vapor flow rates can realistically be
achieved?

Based on boring logs, the contaminated zone just
above the water table is composed of fine to medium
sands, which have an estimated permeability 1< k < 10
darcy. Using Figure S, or Equation 5, the predicted flow
rates for an extraction well vacuum P,, = 0.90 atm are:

0.04 < Q <04 mm-min R, =S5.1em, R; = 12m

043 < Q <43 ft/ft-min R, =2.0in, R; =40 ft.

The thickness of this zone and probable screen thick-
ness of an extraction well is about 2m (6.6 ft). The total
" flow rate per well through this zone is estimated to be
0.08<Q<0.8 m*min (2.8 cfm<Q<28 cfm).

Will the contaminant concentrations and estimated
flow rates produce acceptable removal rates?

Using C.y=240 mg/L, the maximum removal rates
likely to be obtained are calculated from Equation 2:

28 kg/d < (Rest)max < 280 kg/d.

To be conservative, we will guess that only 50 percent
of the vapor actually flows through contaminated soils,
so our estimated removal rate per well will be half of
these values. The estimated acceptable removal rate
Raccepuable = 22 kg/d falls within this range. Of course
this calculation did not take into account the possibility
of vapor concentration decreases during venting. This
will be taken into account in the next subsection.

What residual, if any, will be left in the soil?

A target cleanup level for most gasoline spill sites
is <1000 mg/kg TPH residual; in some states the target
level is <100 mg/kg TPH. If the initial residual level is
~10,000 ppm,. then at least 90 percent of the initial
residual needs to be removed. According to the curves
in Figure 8, which represent the maximum removal rates
for the gasoline analyzed at this site, approximately 100
l-vapor/g-residual will have to pass through the conta-
minated zone to achieve this target. Based on our esti-
mated initial residual of 4000kg TPH, 4 x 10* l-vapor
are required. Over a six-month period this corresponds
to an average flow rate Q=1.5 m*min (54 ¢fm). Recall
that since this corresponds to the maximum removal
rate, it is the minimum required flow rate.

Are there likely to be any negative effects of soil vent-

ing?

Given that the contaminated soils are located just
above and below the water table, water table upwelling
during venting must be considered here.

Air Permeability Test

Figure 16 presents data obtained from the air per-
meability test of this soil zone. In addition to vapor
extraction tests, air injection tests were conducted, The
data are analyzed in the same manner as discussed for
vapor extraction tests. Accurate flow rate (Q) values
were not measured, therefore, Equation 17 was used to

a) 0 5 * Aa

O¢
O
LQ"Q::
Pressure -2+ Q%q, A
Decrease ]
(nH)0)" |
a
o, 2
-6 - o
o
-840 HB-D (=34m)] O 0Og g
4 HB-6D (r=16. m)| o
O HB-14D (9.8 m)
'lo L] L
1 10 . 100 1000
Time (min)
b
) 50
O HB-ID (r=34m)
Pressure 4, | |4 HBD (=16.m) ot
Increase ¢ HB-14D(r=9.8 m)
@in HZO) + HB-10 (r=7.6m) a
T30
&
o . #ooc
20 L.? + o®
@& to
+ 0
104 Uo ++ Co
a 47,¢
B- +%0
+*.0
0 g *O cAA A a2 A d A
1 1 100 1000
Time (min)

Figure 16. Air permeability test results: (a) vapor extraction
test; (b) air injection test. {In H;0] denote vacuums expressed
as equivalent water column heights.

determine the permeability to vapor flow. The k values
ranged from 2 to 280 darcys, with the median being ~8
darcys.

System Design

¢ Number of vapor extraction wells:

Based on the 8 darcys permeability, and assuming
a 15cm diameter (6 in) venting well, a 2m screened
section, P,, = 0.90 atm (41 in H,O vacuum) and R;=12m,
then Equation 5 predicts: '

Q=07mYmin=25cfm .

Based on the preceding discussion, a minimum aver-
age flow rate of 1.5 m*min is needed to reduce the
residual to 1000 ppm in six months. The number of wells
required is then 1.5/0.7 = 2, assuming that 100 percent
of the vapor flows through contaminated soils. It is not
likely that this will occur, and a more conservative esti-
mate of 50 percent vapor flowing through contaminated
soils would require that twice as many wells (four) be
installed.

A single vapor extraction well (HB-25) was installed
in this soil layer with the knowledge that more wells
were likely to be required. Its location and screened
interval are shown in Figure 15. Other wells were installed
in the clay layer and upper sandy zone, but in this paper
only results from treatment of the lower contaminated



zone will be discussed. A ground water pumping well was
installed to maintain a 2m drawdown below the static water
level. Its location is also shown in Figure 15.

System Monitoring

Three vadose monitoring wells similar in construc-
tion to the one pictured in Figure 14 were installed so
that the soil temperature, soil-gas concentrations, and
subsurface pressure distribution could be monitored at
three depths. One sampling port is located in the zone
adjacent to the aquifer. The vapor flow rate from HB-
25 and vapor concentrations were measured frequently,
and the vapor composition was determined by GC-FID
analysis. In addition, the water level in the ground water
monitoring wells was measured with the system pictured
in Figure 13b. The results from the first four months of
operation are discussed in following text

In Figure 17a the extraction well vacuum and corre-
sponding vapor flow rate are presented. The vacuum
was maintained at 0.95 atm (20 in H,O vacuum), and
the flow rate was initially 12 scfm. It gradually decreased
to about 6 scfm over 80 d. For comparison, Equation 5
predicts that Q=12 cfm for k=8 darcys. Increasing the
applied vacuum to 0.70 atm (120 in H,O vacuum) had
little effect on the flow rate. This could be explained
by increased water table upwelling, which would act to
decrease the vertical cross section available for vapor
flow. The scatter in the flow rate measurements is prob-
ably due to inconsistent operation of the ground water
pumping operation, which frequently failed to perform
properly.

Figure 17b presents the change in vapor concentra-
tion with time. Fifteen specific compounds were identi-
fied during the GC-FID vapor analyses; in this figure
the total concentration of known and unknown com-
pounds detected between five boiling point ranges are
presented:

methane - isopentane (<28 C)

isopentane - benzene (28 - 80 C)

benzene - toluene (80 - 111 C)

toluene - xylenes (111 - 144 C)

>xylenes (>144 C).

There was a shift in composition toward less volatile
compounds in the first 20 days, but after that period
the composition remained relatively constant. Note that
there is still a significant fraction of volatile compounds
present. Within the first two days the vapor concentra-
tion decreased by 50 percent, which corresponds to the
time period for the removal of the first pore volume of
air. Comparing the subsequent vapor concentrations
with the concentrations measured in the vadose zone
monitoring wells indicates that only (80 mg/L)/(240 mg/
L)*100=33% of the vapors are flowing through contamin-
ated soil.

Figure 18a presents calculated removal rates (flow
rate x concentration) and cumulative amount (1 gal =
3 kg) removed during the first four months. The
decrease in removal rate with time is due to a combina-
tion of decreases in flow rate and hydrocarbon vapor
concentrations. After the first four months approxi-
mately one-fourth of the estimated residual has been
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Figure 17. Soil-venting results: (a) vacuum/flow rate data,
(b) concentration/composition data.
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Figure 18. Soil-venting results: (a) removal rate/cumulative
recovered, (b) water table rise.

removed from this lower zone.
On day 80 the vacuum was increased from 20 - 120
in H,0 vacuum and the subsequent increase in subsur-



face vacuum and water table upwelling was monitored.
Figure 18b presents the results. Note that the water
table rise paralleled the vacuum increase, although the
water table did not rise the same amount that the
vacuum did.

Figure 19 compares the reduced measured TITH
vapor concentration C(1)/C(t=0) with model predic-
tions. C(t=0) was taken to be the vapor concentration
after one pore volume of air had passe.d through the
contaminated zone (=80 mg/L), m(t=0) is equal to the
estimated spill mass (=4000 kg), and V(t) is the total
volume of air that has passed through the contaminated
zone. This quantity is obtained by integrating the total
vapor flow rate with time, then multiplying it by the
fraction of vapors passing through the contaminated
zone ¢ (=0.33). As discussed, the quantity ¢ was esti-
mated by comparing soil-gas concentrations from the
vadose zone monitoring installations with vapor concen-
trations in the extraction well vapors. There is good
quantitative agreement between the measured and pre-
dicted values.

Based on the data presented in Figures 15 through
19 and the model predictions in Figure 8, it appears that
more extraction wells (= 10 more) are needed to reme-
diate the site within a reasonable amount of time (< 2
years).

Conclusions

A structured, technically based approach has been
presented for the design, construction, and operation
of venting systems. While an attempt has been made to
explain the process in detail for those not familiar with
venting operations or the underlying governing phe-

nomena, the most effective and efficient systems can -

only be designed and operated by personnel with a good
understanding of the fundamental processes involved.
The service station spill example presented supports the
validity and usefulness of this approach.

There are still many technical issues that need to be
resolved in the future. The usefulness of forced or pas-
sive vapor injection wells is often debated, as well as
other means of controlling vapor flow paths (impermea-
ble surface covers, for example). A well-documented
demonstration of the effectiveness of soil venting for
the removal of contaminants from low-permeability
soils is also needed. It is clear from the simplistic model-
ing results presented in this paper that venting will be
less effective in such situations. Without a comparison
with other viable treatment alternatives, however, it is
difficult to determine if soil venting would still be the
preferred option in such cases. Other topics for future
study include: enhanced aerobic biodegradation by soil
venting, the possibility of decreasing residual contami-
nant levels in water-saturated zones by air sparging/
vapor extraction, and optimal operation schemes for
multiple vapor extraction well systems.
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GENERAL INFORMATION:

DREDGE PROJECTS AND THE
401 WATER QUALITY CERTIFICATION REVIEW

Determining whether dredged materials and disposal sites are compatible has usually rested on
gathering sediment samples and performing chemical analyses for each and every dredge project.
An applicant, however, may be able to eliminate some of the chemical analyses by providing
historic, spill and physical information regarding the dredge site and surrounding area. This
information would include, but not necessarily be limited to the following: historic land use
around the dredge site, former sediment analysis, date and volume of material last dredged from
the project area, documentation of any previous spills, and particle size classification and percent
solids from current samples.

Should the above information be insufficient for determining potential contamination, or alterna-
tively, point directly to potentially high levels of contamination, then the applicant may be
required to obtain samples for TCLP, total metals, PCB’s and TBT’s, and other parameters.

To initiate our review, the applicant must submit the following information:

1) A brief narrative of the site and purpose of the project, including the amount proposed
to be dredged and the method of dredging.

2) A brief narrative of proposed disposal site.

3)  Any historical spill or physical information regarding the dredge site and surrounding
area.

4)  Calculations verifying the amount of material to be dredged, the dewatering site capacity,
and the disposal site capacity.

5) 8 1/2" x 11" plans drawn to scale showing the following:

o0  existing and proposed contours of the dredging and disposal sites and cross-sec-
tions;

location of dewatering area including runoff control measures;

location of the disposal site and distance from the coastal feature;

area to be dredged; and

locus plan of the dredging and disposal sites.

© 00O

6) A letter from the property owner indicating approval for the disposal of dredged material
on their property. This letter must indicate the approved volume to be accepted.
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Please note that the submission of this information often occurs before the Coastal Resources
Management Council (CRMC) accepts an application or a U.S. Army Corps of Engineers
request is obtained. When this happens, this office reviews the project as a "pre-application”.
The Department will initiate a "pre-application” review only if the applicant needs our prelimi-
nary approval to proceed with an application to ACOE or CRMC. Coordination with the CRMC
and/or ACOE (as appropriate) is recommended, as a CRMC Public Notice or an ACOE request
is required to formally initiate the 401 Water Quality Certification review process.

Upon receipt of the information described above, we will review the application and inform you
about any further information that must be submitted or testing that must be done. If testing is
required, this office will direct you as to the number of sample cores to take, where to take
them, and what parameters to analyze.

Once all the information has been received, we will determine whether the project complies with
our regulations and notify you about our decision. If the project is unacceptable, we will explain
what our concerns are and discuss actions that can be taken to satisfy these concerns.
Please send the above requested information to my attention at the following address:

Terry J. Walsh
Department of Environmental Management
Division of Water Resources
291 Promenade Street
Providence, RI 02908-5767

Please do not hesitate to call me at 401-277-3961 if you have any questions.
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BULK SEDIMENT ANALYSIS
- INITIAL TEST PARAMETERS ARE THOSE LISTED IN THE LEFT HAND COLUMN OF

THIS WORK SHEET. BASED UPON INITIAL TEST RESULTS SUBMITTED, THE
DEPARTMENT MAY REQUIRE FURTHER PARAMETERS OR DEFINITIVE TESTS.

Area Location: Date:

CRMC File No.: Reviewer’s Initials:
Conn. Sediment Class

Sediment Core # Levels

| n m
Sample Depth (Ft)
% Silt/Clay } 60 60-90 90
% Solids 60 60-40 40
% Volatile Solids , | 5 5-10 10
Hexane Sol Fract'n (ppt) 5 5-10 10
Oil & Grease (ppm) A ‘ ‘ >400 ppm = solid waste

PCB (ppm)

Tot. TBT (ppm)
Other
Metals (ppm)
Arsenic (As) 10 10-20 20
Cadmium (Cd) . 5 5-10 10
Chromium (Cr) 100 100-300 | 300
Copper {Cu) 200 200400 | 400
Lead (Pb) 100 100-200 | 200
Mercury (Hg) 0.5 0.5-1.5 1.5
Nickel (Ni) 50 50-100 | 100
Vanadium (V) 75 75-125 | 125
Zinc (Zn) 200 200-400 | 400
Suggested Classification

Comments:

ER COMMENTS:




TCLP TEST:

INITIAL TEST PARAMETERS ARE THOSE LISTED IN THE LEFT HAND ™
COLUMN OF THIS WORK SHEET. BASED UPON INITIAL TEST

RESULTS SUBMITTED, THE DEPARTMENT MAY REQUIRE FURTHER
PARAMETERS OR DEFINITIVE TESTES.

Area Location: Date:

CRMCFileNo:___ ~ Reviewer's Initials:
Ssediment Core # Reg.

Level

Sample Depth
Contaminant
Arsenic 5.0 (MG/L)
Barium 100.0
Benzene 0.5
Cadmium 1.0
Carbontetrachloride 0.5
Chlordane 0.03
Chlorobenzene 100.0
Chloroform 6.0
Chromium 5.0
o-Cresol 200.¢¢
m-Cresol 200.¢¢
p-Cresol 200.¢
Cresol 200.0
24-D | 10.0
1,4-Dichlorobenzene 75
1,2-Dichloroethane 0.5




1,1-Dichloroethylene 0.7
2,4-Dinitrotoluene o 013

Endrin 0.02
Heptachlor (& its OH) 0.008 o
Hexachlorobenzene - — - --——|-— - |- D i
Hexachlorobutadiene 0.5
Hexachloroethane 3.0 H
Lead 5.0 H
Lindane ' 0.4 |
Mercury 0.2
Methoxychlor 10.0
Methylethylketone 200.0
Nitrobenzene 2.0
Pentachlorophenol 100.0

Pyridine 5.0

Selenium 1.0

Silver 5.0
Tetrachloroethylene 0.7

Toxaphene 0.5
Trichloroethylene 0.5
2,4,5-Trichlorophenol . 400.0
2,4,6-Trichlorophenol 2.0

2,4,5-TP (Silvex) 1.0
Vinylchloride 0.2

Suggested Classification

Comments: -

2If 0-,m-, and p-Cresol concensrations cannot be d'xﬁ'erendated, the ttal cresol (DO26) concentration is used. The regulatory level of total
cresol is 200.0 mg/l

OTHER COMMENTS:



APPENDIX E

HEALTH AND SAFETY FORMS
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TRC ACCIDENT REPORT FORM (3 of 3)

FIGURE 5
(CONTINUED)

Was injured using required equipment:

If not, how did actual equipment use differ from plan:

What can be done to prevent a recurrence of this type of accident

(modification of machine; mechanical guards; correct environmental training):

Detailed narrative description (how did accident occur, why: objects,

equipment, tools used:; circumstance assigned duties) (be specific):

!

(Use back of sheet, as required)

Witness of accident:

Signature of Preparer

Signature of Site Leader

TRC



TRC ACCIDENT REPORT FORM (1 of 3)

ACCIDENT REPORT Report No.
SITE: PROJECT NO.:
Location:
Date of Report: Preparers Name:
Name and Address of Injured: SSN: Age:
Sex:
Years of Service: __ Time on Present Job: ___ Title/Classification:
Division/Department: Date of Accident: Time:
Accident Category: __ Motor Vehicle ___ Property Damage ___ Fire
____ Chemical Exposure ____ Near Miss ___ Other
Severity of Injury or Illness: ____ Non-Disabling ___ Disabling
____ Medical Treatment ____ Fatality
Amount of Damage: $ Property Damaged:
Estimated Number of Days Away from Job: '
Nature of Injury or Illness:
CLASSIFICATI?N OF INJURY:
Fractures __ Heat Burns ___ Cold Exposure
Dislocations ___ Chemical Burns __ Frostbite
Sprains __ Radiation Burns _____ Heat Stroke
Abrasions __ Bruises ____ Heat Exhaustion
__ Lacerations ____ Blisters __ Concussion
___ Punctures __ . Toxic Respiratory Faint/Dizziness

Bites Exposure Toxic Respiratory

Toxic Ingestion Dermal Allergy

Part of Body Affected:
Degree of Disability:

Date Medical Care was Received:

Where Medical Care was Received:
Address (if off-site):

TRC



TRC ACCIDENT REPORT FORM (2 of 3)

FIGURE 5 >

(CONTINUED)

ACCIDENT LOCATION:

Causative agent most directly related to accident (object, substance,

material, machinery, equipment, conditions):

Was weather a factor:

Unsafe mechanical/physical/environmental condition at time of accident (be

specific):

Unsafe act by injured and/or others contributing to the accident (be specific,

must be answered):

Personal factors (improper attitude, lack of knowledge of skill, slow

reaction, fatigue):

Level of personal protection ‘equipment required in Site Safety Plan:

Modifications:

TRC
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